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PREFACE 


ESSENTIAL OILS FROM PLANTS AND POTENTIALITIES 


Essential oils are liquid extracts from aromatic plants, which have numerous 
applications in multiple industries. There is a variety of methods used for the extraction 
of essential oils, like steam distillation, hydro-distillation, and supercritical COz which 
are the most used, each method exhibiting certain advantages and can influence in the 
biological and physicochemical properties of the extracted oils. Essential oils from 
different plant species contains many constituents which are comprised of volatile and 
non-volatile components (Aziz et al., 2018). The biological properties of essential oils as 
antimicrobial, antileishmanial, insecticidal, anticancer, anti-inflammatory and anti-viral 


agents is due to their effective and efficient properties. 


Essential oils can be defined as either products or mixtures of fragrant substances or as 
mixtures of fragrant and odorless substances. Essential oils vary greatly, sometimes due 
to genetic causes, but also because of climate, rainfall, or geographic origin. They are 
composed principally of lipophilic and highly volatile secondary plant metabolites, 
principally mono- and sesquiterpenes, but other types of compounds such as allyl, 
isoallyl phenols and coumarins may also be present. The applications of essential oils are 
diverse. Widely used in cosmetics and perfumes, they also have medicinal applications 
due to their therapeutic properties as well as agro-alimentary uses because of their 


antimicrobial and antioxidant effects (Rios, 2016). 


Many aromatic oils from plants contain a few major constituents, several minor ones and 
a larger number of trace compounds (called elements in perfumery parlance). It is 
virtually impossible to totally reconstruct such a complex combination of components 
which would include all the trace compounds. It is the synergism of the specific 
combination of hundreds of constituents naturally present in each plant (including trace 
compounds) that give the essential oils their valuable therapeutic/healing properties 


(Vankar et al, 2004). 


* 
| 
Yl 


K XX 


Essential oils are compounds derived from the secondary metabolism of glucose in 


plants, being produced for several purposes: 1. aiming at the survival and continuation 
of the species by the dispersion of pollen, with the production of pheromones (sexual 
attractants); 2. In defense against pathogens, producing antifungal, antibacterial, 
anthelmintic compounds and 3. For protection against oxidative stress caused by the 
environmental conditions through compounds with antioxidant properties. These would 


be the main functions for the plant. 


The chemical composition of essential oil varies many times according to the time of the 
year (seasonal variation) or along the day (circadian variation) in each species and also 
depends which organ it comes from because each part of a plant exerts a proper 
function. In the roots a defense against soil organisms as helminths, fungus and bacteria 


and in the leaves insect attractants (pheromones) or repellent, formicide, etc. 


Several other factors can influence the composition of essential oils, including growth 
conditions, climate, altitude, soil type, agricultural methods and _ practices, 


developmental stage, plant part extracted, and harvesting time. 


However, human being uses these secondary metabolites in the food, pharmaceutical 
and cosmetic industries due to the millenary use of aromatic plants and their essential 
oils as condiments, spices, antimicrobial, insecticidal and agents to protect stored 


products (Mejri et al, 2018). 


Volatile organic compounds in plants are low molecular weight compounds (below 300 
Da) and can be found in various plant tissues. In the plant metabolism, glycose produce 
Acetyl-CoA, which forms mevalonic acid, precursor of terpenes and by the pentose 
pathway generates shikimic acid leading to arylpropanoid constituents. Figure 1 shows 


some examples of constituents of essential oils from plants. 
The main constituents of essential oils are: 


1. Monoterpenes and sesquiterpenes in the form of saturated and unsaturated 
hydrocarbons and also functionalized with groups as alcohols, ethers, aldehydes 


and ketones, esters and thiols. 


2. Arylpropanoids which suffers reactions of oxidation, reduction and cyclization to 
form different classes as propenyl-benzenes, allylbenzenes, aromatic aldehydes 


and coumarins. 


3. Short chain aliphatic alcohols, alkanes, ketones, aldehydes and fatty acid esters. 


2K This book shows the composition of essential oils and various activities of several plants. 
BO The main activities examined were antioxidant against the radical DPPH (1,1-Dipheny]l, 
2-picryl-hidrazyl), anticholinesterase, larvicide against Dengue virus vector mosquito 
Aedes aegypti, antimicrobial (fungus and bacteria), anthelmintic against Haemonchus 
contortus, main helminth of ovine and caprine in Northeastern Brazil and cytotoxicity 


against tumor cells. 


In general, the information about essential oils in this book are research results of 


students from undergraduate and post-graduate courses in Ceara State University. 


We are thankful for the financial support of FUNCAP (Ceara Foundation for Research 
Support) and Ceara State Department of Education. To CNPq (National Conseil for 


Scientific and Technological Development) by the research grant, process number: 
308144/2015-5. 
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Figure 1. Examples of compounds present in essential oils 
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1. INTRODUCTION 


Lippia alba (Mill.) N.E.Br. ex Britton & P. Wilson (Verbenaceae family) is a highly 
branched aromatic shrub with height up to 2 m (Hennebelle et al., 2008). Popularly 
known as bushy matgrass, bushy Lippia or lemon balm in English language countries, in 
Brazil it is variously called erva cidreira, falsa melissa and salvia. It is widely distributed 
in tropical and subtropical regions, with considerable rates of endemism (Salimena et al., 


2016). 


Previous studies indicate a large use the L. alba by the population including indigenous 
and rural communities. Infusions made from leaves and aerial parts are used against 
hypertension, states of excitement, nausea, flu, digestive troubles, colds and pain, as well 
as topically to heal wounds, and as a syrup against cough and bronchitis (Suarez, 2019; 


Albuquerque et al., 2007). 


Different biological activities, such as antibacterial (Porfirio et al., 2017), antifungal 
(Mesa-Arango et al., 2009), antiviral (Ocazionez et al., 2010), antigenotoxic (Lépez, 
Stashenko and Fuentes, 2011), antiprotozoal (Escobar et al., 2010), antioxidant 
(Stashenko, Jaramillo and Martinez, 2004) and vasorelaxant (Silva et al., 2018), have 


been identified in L. alba essential oils. 


The essential oil of L. alba presents varied chemical composition, with great chemical 
diversity, prompting classification into different chemotypes, such as linalool, carvone, 
citral, myrcene-camphor, myrcene and limonene-carvone (Matos, 1996; Yamamoto et 


al., 2008). 


Natural products have attracted increasing interest by the pharmaceutical industry due 
to their medicinal and pharmacological properties, as alternatives to synthetic drugs 
(Harvey et al., 2015). The larvicidal action of natural products has been useful in the 
development of bioproducts for the control of arbovirus vectors, such as dengue fever, 
zika fever, chikungunya fever, yellow fever and Japanese encephalitis, which are serious 
public health problems in tropical and subtropical regions (Raj et al., 2015; Londono- 


Renteria, Troupin and Colpitts, 2016). 


The acetylcholinesterase (AChE) inhibitory enzyme assay is useful to prospect for © 
molecules with pharmacological action for the treatment of Alzheimer's disease (Ali- 


Shtayeh et al., 2018). AChE is the major mode of action of most insecticides, such as 
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carbamates and organophosphates, and this effect may be responsible for the larvicidal 
activity against Aedes aegypti and Aedes albopictus (Gade et al., 2017; Mesquita et al., 
2018). 


This article compares the chemical composition of the volatile oils extracted from seven 
L. alba chemotypes, and characterizes some biological properties, such as antioxidant 
and larvicidal against Aedes aegypti and A. albopictus, antifungal against dermatophytes, 
and cytotoxicity against SNB-19 (astrocytoma), HCT-116 (human colon) and PC-3 
(human prostate) cancer cell lines, as well as evaluating these essential oils for the 
inhibition of acetylcholinesterase, to provide useful information on possible medicinal 


and other biotechnological applications. 


2. MATERIALS AND METHODS 


Plant collection. Aerial parts of L. alba chemotypes (leaf, inflorescence and stem) were 
collected in the flowering period in the medicinal plants garden of Embrapa 
Agroindustria Tropical (Agroindustry Research Unit), Fortaleza, Ceara, Brazil, in August 
2016 (latitude 32 45', 47", longitude 382 31' 23" W, altitude 21 m). A voucher specimen 
(No. EAC59269) was deposited in the Prisco Bezerra Herbarium (EAC) and 
authenticated by botanist Dr. Maria Iracema Bezerra Loiola of the Department of 
Biology, Federal University of Ceara. The chemotypes were coded according to their 
region of origin and culture in Brazil. Embrapa also uses this standard of identification. 
This study involved the use of seven L. alba chemotypes from different regions of Brazil: 
LA1, LA2, LA3, LA4, LAS, LA6, LA7, all plants grown at EMBRAPA Tropical Agroindustry 
(Table 1). 
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Table 1. Variety/chemotype of Lippia alba obtained from the experimental garden of 
Brazilian Agricultural Research Corporation - Embrapa Tropical Agroindustry in Ceara 
State, Brazil. 

Variety /chemotype Municipality /State/Country Yield (%) 


LA1 Atibaia/ Sao Paulo /Brazil | 0.99 
LA2 Sao Gongalo do Rio Abaixo/ Minas Gerais /Brazil 
LA3 Botucatu/ Sao Paulo/ Brazil 


LA4 
LAS 
LAG 


Extraction of the essential oil. Fresh aerial parts of L. alba (500 g of each chemotype) 
were submitted to hydrodistillation for 4 h in a modified Clevenger-type apparatus 
(Craveiro et al., 1976). The oil was dried over anhydrous Na2SO4 (~1 g), filtered and 
preserved in a sealed vial at 4 °C prior to further analysis, with different yields of 0.2-2% 
(w/w). The chemical analysis of the essential oil constituents was performed with a 
Shimadzu QP-2010 Ultra instrument employing the following conditions: Column: Rtx- 
5MS (Crossbond, 5% diphenyl/95% dimethyl polysiloxane) measuring 30 m x 0.25 mm 
x 0.25 um df; carrier gas: He (24.2 mL/min, in constant linear velocity mode); injector 
temperature of 250 °C, in split mode (1:100); and detector temperature of 250 °C. The 
column temperature was programmed for 35-18 0 °C at 4 °C/min, then 180-280 °C at 
17 °C/min, and 280 °C for 10 min. Mass spectra were obtained at electron impact of 70 
eV. The volume of sample injected was 1 uL. The components were identified from their 
GC retention times, calculated by linear interpolation relative to retention times of main 
compounds and by comparison of their mass spectra with those present in the computer 


data bank and published literature (Adams, 2012; NIST). 


Antioxidant test performed by B-carotene/linoleic acid assay. This test was conducted as 
described by Lopes-Lutz et al. (2008) and Andrade et al. (2012). The antioxidant 
potential was determined by measuring the inhibition of the volatile organic compounds 
and the conjugated diene hydroperoxides resulting from linoleic acid oxidation. A stock 
solution of emulsion was prepared with 1 mg of £-carotene dissolved in 5 mL of 
chloroform (0.3 mg/mL), 200 wL of Tween 40 and 20 uL of linoleic acid. Chloroform was 
completely evaporated using a vacuum evaporator. Then 100 mL of oxygenated distilled 


water was added and emulsified for 1 min in a sonicator to form an emulsion. The 
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solution was adjusted in the spectrophotometer (470 nm). The final emulsion had 
absorbance between 0.6 nm and 0.7 nm. Aliquots of 100 uL of oil were dissolved in 
methanol, at concentrations of 500 ug/mL to 25 ug/mL, and then added 5 mL of the B- 
carotene/linoleic acid emulsion was added. The samples’ absorbance was measured 
after 2 min, then the samples were subjected to oxidation by placing them in an oven at 
50 °C for 120 min, and a second reading was performed. The same procedure was 
repeated with the synthetic antioxidant, butylated hydroxyanisole (BHA) as positive 
control, and a blank. The anti-oxidative capacity of each sample was compared with 
those of BHA and the blank. Each assay was performed in triplicate and the mean 


standard deviation were calculated. 


2.1 THE ACETYLCHOLINESTERASE INHIBITION (ACHE INHIBITION). 


The test was qualitatively assessed using the method described by Ellman et al. (1961), 
as adapted for thin-layer chromatography (TLC) by Rhee et al. (2001), and was 
quantified using a BioTek Elisa microplate reader (model ELX 800 with Gen5 V2.04.11 
software) at 405 nm, based on the method described by Ellman et al. (1961) and 
modified by Trevisan et al. (2003). This in a very sensitive method based on measuring 
thiocholine production from hydrolysis of acetylthiocholine. This is accomplished by the 
continuous reaction of thiol with 5, 50-dithiobis (2-nitrobenzoic acid). The following 
solutions were used: A. Tris/HCl 50 mM, pH 8; B. Tris/HCl 50 mM, pH 8, with 0.1% 
bovine albumin fraction V; and C. Tris/HCl 50 mM, pH 8, with NaCl (0.1 M) and 
MgCl2-6H20 (0.02 M). To each well of a 96-well microplate, 25 wL of acetylthiocholine 
iodide (15 pM), 125 ul of 5,50-dithiobis in Solution C (3 uM DTNB or Ellman's reagent), 
50 uL of Solution B, and 25 uL of compound dissolved in MeOH and diluted in Solution A 


at concentrations ranged from 1.56 to 400 ug/mL. 
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2.2 CYTOTOXICITY AGAINST ARTEMIA SALINA 


This property was evaluated by the brine shrimp lethality test. The bioassay was 
modified from that described by Meyer et al. (1982) using Artemia salina Leach larvae 
(Crustacea, Artemiidae). Brine shrimp eggs were incubated at room temperature 
(between 22-29 °C) in artificial seawater for 48 h. The essential oils were dissolved in 
methanol, DMSO, and saline water in concentrations of 10,000 to 1 ug/mL. Then 10 
shrimp larvae were added to test tubes containing 5 mL of each tested solution and 
negative and positive control solutions. Potassium dichromate (KzCr207) dissolved in 
saline solution and saline solution with DMSO were used as positive and negative 
controls, respectively. This assay was performed in triplicate and the number of dead 
larvae was counted after contact for 24 h. The percentage mortality and LCso values 


were evaluated through linear regression analysis. 


2.3 LARVICIDAL ASSAY AGAINST AEDES AEYPTI 


The assay was performed by the following method: L. alba essential oils were placed in 
beakers and dissolved in 20 mL of H20/DMSO 1.5% (v/v) at concentrations of 50-500 
mg/mL, followed by the addition of 50 A. aegypti and A. albopictus larvae of the third 
instar. Mortality was recorded after 24 h of exposure, during which no nutritional 
supplement was added. The experiments were carried out at 28 + 2 °C. Each test was 
performed in triplicate. Data were evaluated through regression analysis. From the 
regression line, the LCso values were read, representing the concentration causing 50% 
larval mortality. The insecticide Temephos™ was used as positive control and a solution 
of water and 3% DMSO was used as negative control (Tabanca et al., 2013; Pereira et al., 
2018). The A. aegypti and A. albopictus larvae of the third instar were obtained at the 


Etymology Laboratory of the Vector Group of the Ceara State Health Secretariat. 


2.4 THE ANTIFUNGAL ACTIVITY 


The test was determined in accordance with guidelines of the Clinical and Laboratory 
Standards Institute (CLSI, 2008) by the broth microdilution method. Two strains of 
Trichophyton rubrum were used. Dermatophytes strains were obtained from the fungal 


collection of the Microbiology Laboratory, State University of Vale do Acaraut. Each strain 
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was recovered and identified based on the macromorphology and micromorphology of 
the colonies (De Hoog et al., 2008). Aliquots of suspensions were prepared in potato 
dextrose agar (Difco, Detroit, MI, USA), and then incubated at 28 °C for 5 -10 days (T. 
rubrum strains). The suspensions were diluted to 1:500 for T. rubrum , with RPMI 1640 
medium supplemented with |-glutamine without sodium bicarbonate, and then buffered 
to pH 7.0 with 0.165 M MOPS. L. alba chemotypes were tested in concentrations ranging 
from 0.002 to 2.5 mg/mL. The microdilution test was performed in 96-well 
microdilution plates incubated at 37 °C, and the results were expressed as minimum 
inhibitory concentration (MIC), while the antifungal effect was analyzed visually after 5 
days (T. rubrum). The minimum fungicidal concentration (MFC) was determined by 
subculturing 100 uL of solution from wells without turbidity on potato dextrose, at 
28 °C, and was determined as the lowest concentration resulting in no growth of the 


subculture (Fontenelle et al., 2008). 


2.5 ANTITUMOR ACTIVITY 


The cytotoxicity of the essential oils was determined by the MTT assay, following the 
protocol described in previous studies (Victor et al., 2017; Guedes et al., 2018). The 
cytotoxicity was tested against SNB-19 (astrocytoma), HCT-116 (human colon) and PC-3 
(human prostate) cancer cell lines, obtained from the National Cancer Institute, 
Bethesda (MD, USA). Cells were cultured in RPMI-1640 medium supplemented with 
10% fetal bovine serum, 1% penicillin and 1% streptomycin, and incubated at 37 °C 
under a 5% COz atmosphere. Cells were plated in 96-well plates at concentrations of 1 x 
105 cell mL“!. After 24 h, all fractions (50 ug/mL) dissolved in 1% DMSO were added to 
each well using a high-throughput screening system (Biomek 3000 - Beckman Coulter, 
Inc. Fullerton, CA, USA), and the cultures were incubated for 72 h. The fractions were 
centrifuged at 3000 x g for 10 min at 25 ° C. and the supernatant removed. Then 200 pL 
of a solution of MTT (tetrazolium salt) was added and the plates were incubated for 3 h 
at 37 °C. The absorbance was measured at 595 nm in a spectrophotometer, after 
dissolution of the precipitate with 150 uL of DMSO. The control groups received the 
same amount of DMSO. The positive control used was doxorubicin at concentration of 


0.3 mg/L. 
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2.6 STATISTICAL ANALYSIS 


All experiments were performed in triplicate. One-way ANOVA with the Tukey test was 
performed followed by multiple comparison testing where appropriate. ICso values were 
calculated using the GraphPad Prism 5.0 software (GraphPad Software, San Diego, CA). 


Significance of difference was accepted at P <0.05. 


3. RESULTS AND DISCUSSION 
3.1 CHARACTERIZATION OF ESSENTIAL OIL CONSTITUENTS 


The volatile oils extracted from L. alba chemotypes ranged from yellow to red, whose 
extraction yield were: 0.99% (LA1), 1.44% (LA2), 0.72% (LA3), 0.61% (LA4), 3.31% 
(LA5). 1.0% (LA6), 0.63% (LA7). The chemical composition of the essential oil 
chemotypes, including the retention index and the relative percentage of each 
constituent, are shown in Table 2. For all analyses, more than 90% of the total essential 


oil composition was obtained. 


The chemotypes were characterized by their major constituents: camphor (31.76%) and 
1,8-cineole (18.67%) for essential oil LA1; camphor (17.36%) and B-caryophyllene 
(15.75%) for LA2; geranial (35.60%) and neral (23.55%) for LA3; linalool (96.66%) for 
LA4; B-caryophyllene (26.08%) for LA5; carvone (46.68%) and geranial (15.65%) for 
LA6; and geranial (22.52%) and B-caryophyllene (16.50%) for LA7. 
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Table 2. Comparative chemical composition (%) of the Lippia alba essential oils 


Peak area (%) 


obtained from different places. 
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Table 2. Comparative chemical composition (%) of the Lippia alba essential oils 
obtained from different places. (Continuation) 
Constituents Peak area (%) 


LA) LA2 | en 
a-Cadinene | 1538 | 
an | 
6B-Germacrene | 1562 | - | 
a 
a 


6.92 


a ae 
| 
Le 
Nerolidol pos) 1a 
Spathulenol eaeas 
Caryophyllene oxide 0.93 
Globulol | 1585 | - | 
Viridiflorol 0.64 
Epi-a-cadinol 0.93 
a- Muurolol | 1646 | - 
a-Cadinol | 1654 | - 
—_ 
pas 


ta] 
iol 
0.76 


27, 6E-Farnesol 
Totarene aes 


aK] refers to the retention index of the column Rtx-5MS and were estimated by linear 
regression of retention times of main compounds in the chromatograms and respective 
Kovats index from the literature. 


Genotypes of L. alba have been classified as phenotypes with the different chemotypes 
due to variation in the concentration of their constituents and the aromatic differences, 
such as citral aroma. Matos et al. (1996) described six types L. alba in Brazil, with the 
prevalence between the clones of two chemotypes, carvone in three samples and citral 


(geranial + neral) and three other clones. 


Environmental factors are probably the main determinants for the formation of 
chemotypes. Also, cytogenetic differences in the number of chromosomes in two 
chemotypes were found, and may be related to the speciation processes (Tavares et al., 
2005). The chemotype LA4 basically presented one constituent, linalool, a monoterpene 
of great commercial importance in the perfume and cosmetics industry and in 
pharmacology due to its medicinal properties (Julido et al., 2003; Camargo and 


Vasconcelos, 2015). 
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3.2 ANTIOXIDANT ACTIVITY 

The inhibition of lipid peroxidation activity was determined by the B-carotene/linoleic 
acid system bleaching test. The results are shown in Table 3. The antioxidant activity of 
essential oils was concentration dependent and are expressed as ICso values. The 
chemotypes LA2, with monoterpenoids being prevalent, and LA5, with sesquiterpenoids 
as main constituents, had the lowest ICso values (24.41 + 0.89 pg/mL, 29.09 + 0.68 
ug/mL, respectively). BHA (butylated hydroxyanisole) was used as standard, with 
antioxidant effect of 0.46 + 0.2 ug/mL. 


Table 3. Antioxidant activity of the Lippia alba essential oils obtained from different 
chemotypes. 
L. alba chemotypes ICs0 (ug/mL) 


LA1 
LA2 
LA3 
LA4 
LAS 
LAG 
LA7 
BHA 


ICso is defined as the concentration sufficient to obtain 50% of the maximum effect of 
100%. Different letters mean significant differences between samples. ANOVA and 
Tukey’s Multiple Comparison tests were used at p < 0.05. 


In the B-carotene/linoleic acid system, the antioxidant activity can be measured since 
the inhibition of oxidation of linoleic acid can simulate the oxidation of the membrane 
lipid components (Ferreira et al., 2006). The higher antioxidant action exerted by the 
LA2 chemotype may be related and to the high yield of monoterpenoids like a-pinene, 
1,8-cineole and camphor. 1,8-Cineole with ICso = 11.01+0.41 ug/mL showed appreciable 
antioxidant activity in the DPPH test in previous study (Mogadham, 2015). The presence 
of methylene groups linked to double bonds in these molecules is probably the reason 


for this behavior (AidiWannes et al., 2010). 


The L. alba essential oil chemotypes had antioxidant potential, since they contained a- 
pinene, £-pinene, limonene, p-myrcene, 1,8-cineole and_ terpinen-4-ol. These 


monoterpenes are known to have good antioxidant properties, but depending on the 
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mechanism involved in their action, some of them can exhibit low antioxidant activities 


(Martins et al., 2014). 


The antioxidant activity found in the LA4 chemotype is due to the high concentration of 
linalool (96.66%), whose antioxidant action by the B-carotene/linoleic acid system was 
investigated in a previous study (Hussain et al., 2008). However, an interaction between 
the chemical components of the essential oils can generate an antagonistic action, which 


might have been responsible for the moderate antioxidant action found in LA3 and LA7. 


Table 4 shows the results of the AChE inhibition by qualitative (inhibition zone - cm) 
and quantitative (inhibition - ng/mL) assays. The formation of a white halo around the 
TLC spots is indicative of AChE inhibition. All samples presented results close to or 
greater than those found for physostigmine, used as a positive control. However, the LA7 
chemotype showed a stronger positive result (1.0 cm) than that of physostigmine in the 


qualitative assay. 


3.3 ACETYLCHOLINESTERASE INHIBITION ANALYSIS 

For quantitative evaluation, this inhibition was determined by the enzyme-linked 
immunosorbent assay (ELISA), whose the order of AChE inhibition showed that the 
highest action occurred in LA3 (11.49 + 0.04 ug/mL), followed by LA1 (13.20 + 0.88 
ug/mL), which contained geranial and neral, camphor and 1,8-cineole as major 
constituents, respectively. Bioactive molecules that inhibit AChE have therapeutic 
benefits due to the ability to penetrate the blood-brain barrier, increasing the levels of 
endogenous acetylcholine, a useful property in therapy for Alzheimer's disease (Morais 


et al., 2017). 


According to Jukic et al. (2007), monoterpenes like thymol, carvacrol and linalool are 
weak inhibitors of AChE. This may explain the weak activity found for the LA4 
chemotype, which is rich in linalool. However, 1,8-cineole and limonene are 
monoterpenes with potent AChE inhibitory activity (Abdelgaleil et al., 2009), which may 
explain the activity in the LA1 chemotype. Essential oils are complex mixtures of 
aromatic compounds whose production depends on abiotic factors, and synergism 


between their constituents can modulate the inhibition of AChE. 
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Table 4. Biological activities of the Lippia alba essential oils obtained from different 
chemotypes in brine shrimp lethality (BSLT) and acetylcholinesterase (AChE) inhibition 
assays (by TLC and ELISA 
AChE 
L. alba chemotypes BSLT LCs0 (ug/mL) ‘Inhibition 
Zone (cm) 


AChE 
Inhibition(ug/mL) 


LA1 
LA2 
LA3 
LA4 


LAS 
LAG 
LA7 
|__—Physostigmine | = | 0.90.04 | 1.15840,05 


Potassium dichromate a 


Different letters mean significant differences between samples. ANOVA and Tukey’s 
Multiple Comparison tests were used at p < 0.05. (-) test not performed. 


3.4 BRINE SHRIMP LETHALITY TEST (BSLT) 


The results are summarized in Table 4 and expressed as concentration required to kill 
50% of the larvae (LCso). According to Meyer et al. (1982), LCso values less than 1000 
ug/mL are indicative of biological activity and can be used in screening studies for 
natural products and proven to be a convenient system for monitoring biological 
activities (Krishnaraju et al., 2005). All the chemotypes presented LCso values between 
441 and 502 wg/mL, which allows support to their many medicinal activities, indicating 
biotechnological potential within the diversity of chemotypes of the essential oils of the 


same species. 


3.5 LARVICIDAL TEST AGAINST AEDES AEGYPTI 


The larvicidal assay was carried out to determine the median lethal concentration (LCso) 
against instar III larvae of Aedes aegypti and A. albopictus. The results are shown in Table 
5. As positive control, Temephos™ (0,0’-(thiodi-4,1-phenylene)bis(O,0-dimethyl 


phosphorothioate) was used, whose LCso value was 1.5 + 0.2 ug/mL. 


Compounds with LCso values of up to 100 ug/mL are considered good larvicidal agents 
(Cheng et al., 2003). The strongest larvicidal activities expressed by LCs9 and LC90 were 
for the LA7 chemotype against the larval stages of A. aegypti. This oil is rich in neral and 


Biotechnological potential of essential oils from native and cultivated plants in Brazil 


geranial and showed an LCso value of 1.59 + 0.66 ug/mL. Among essential oils with 
insecticidal activity against larvae of A. aegypti, the oil from Cymbopogon flexuosus (Nees 
ex Steud.) W.Watson, with citral (geranial+neral) as main component, showed the 
highest larvicidal activity (LCso=17.1 wg/mL) (Vera et al., 2014). The carvone 
chemotype LA6 also showed good action, with LCso of 62.98 + 1.08. A previous study 


indicated a LCso value of 43.8 ng/mL for carvone alone (Simas et al., 2004). 


Table 5. Larvicidal activity of essential oils of Lippia alba obtained from different 
chemotypes against third-instar larvae of Aedes aegypti and Aedes albopictus after 24h 
of exposure. 

L. alba 
chemotypes 


Aedes aegypti Aedes albopictus 


LA1 
LA2 
LAS | 96.49%3.82 | 237.27%484 | | 


LA4 
LAS 
LAG 
LA7 


Different letters mean significant differences between samples. ANOVA and Tukey’s 
Multiple Comparison tests were used at p < 0.05. (-) test not performed. 


LA7 showed the best larvicidal action against A. aegypti of all investigated L. alba 
chemotypes, with LCso value of 1.59 + 0.66 ug/mL, a result very close to that of 
Temephos™ (positive control). This action is due to the synergism of its major 
constituents geranial, B-caryophyllene and neral. A previous study of Cymbopogon 
citratus (DC.) Stapf essential oil, whose main chemical constituents were geranial 
(60.3%) and neral (39.7%), showed larvicidal action with LCso value of 69 pg/mL 
against A. aegypti (Cavalcanti et al., 2004). 


The larvicidal action described for LA7 can be related to the AChE inhibitory activity, 
due to the presence of many larvicidal substances that inhibit the action of 
acetylcholinesterase, by inhibiting the hydrolysis of the neurotransmitter acetylcholine ® 


into acetate and choline (Colovic et al., 2013). 
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3.4 ANTIFUNGAL ASSAY 


The activity against pathogenic fungal strains, shown in Table 6, the chemotypes LA1, 
LA2, LA3 and LA6 showed the highest antifungal activity against T. rubrum strains 
compared to the other chemotypes. These antifungal essential oils contain mainly 
monoterpenoids, such as a-pinene, camphor, 1,8-cineole, neral and geranial. A previous 
study identified antifungal activity against yeasts and filamentous fungi of the citral and 
carvone chemotypes of L. alba (Mesa-Arango et al., 2009). The chemical composition of a 
commercial sample of essential oil from Eucalyptus smithii R.T. containing 1,8-cineole as 
the main constituent was reported to be active against several strains of Microsporum 
and Trichophyton (Boulatari et al., 2015). Our data corroborate the previous findings of 
the better antifungal action of oils containing these constituents. 


Table 6. Minimum inhibitory concentration of the Lippia alba essential oils obtained 
from different chemotypes against T. rubrum 


MIC/MFC (mg/ml) 
Strains 


T. rubrum 


LABMIC 0208 


0.62/1.25 | 1.25/25 | 0.62/1.25 | 1.25/2.5 0.62/1.25 | 1.25/2.5 


T. rubrum 
0.62/1.25 0.15/0.31 | 0.62/1.25 | 1.25/2.5 NI 0.62/1.25 | 1.25/2.5 | 0.25 
LABMIC 0209 


Geometric 
0.62/1.25 0.43/0.88 | 0.62/1.25 | 1.25/2.5 0.62/1.25 | 1.25/2.5 
mean 


NI: no inhibition; KTC: ketoconazole; MIC: minimum inhibitory concentration; MFC: 
minimum fungicidal concentration. 


3.5 CYTOTOXICITY ACTIVITY 


The cytotoxicity was determined by the MTT assay, which is a well-established 
colorimetric assay based on the enzymatic reduction of the tetrazolium salt MTT in 

living, metabolically active cells, but not in dead cells (Macédo et al., 2018). The 
inhibition percentage of cell growth was high (75-100%) to moderate (51-74%) (ISO 
10993-5:, 2009). All the chemotypes showed high cytotoxic activity against the cancer 

cell lines used in this study, except LA5, whose inhibition percentage ranged from 31.70- &® 
73.94 (Table 7). 
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Table 7. Cell proliferation inhibition (%) of the Lippia alba essential oils obtained from 
different chemotypes determined by MTT assay at the concentration of 50 mg/mL. 
Chemotype Cell proliferation inhibition (%) ICso (ug/mL) 


HCT-116 | PE-3 SNB-19 HCT-116 
LA1 89.694 1.01 | 82.41¢4 1.37 79.50¢4 1.11 24.89 


LA2 91.02¢+ 0.32 | 84.20c+ 1.26 | 64.90¢+ 1.20 33.81 
LA3 95.28>+ 0.64 | 97.3724 0.97 | 89.83b+ 0.72 


LA4 
LAS 
LAG 
LA7 


Different letters mean significant differences between samples. ANOVA and Tukey’s 
Multiple Comparison tests were used at p < 0.05. (-) test not performed. 


Previous studies have determined the cytotoxic potential of LZ. alba essential oil, rich in 
geraniol (18.9%) and citral (15.9%), against CHO-Chinese hamster ovary cells (Tofifio- 
Rivera et al., 2016) and K562-leukemia cells (Garcia et al., 2017). These results are in 
line with those of present study, according to which L. alba demonstrated good 
antiproliferative effect (Fig. 1), due to the content of oxygenated monoterpenoids in the 
oils. There also may be a synergistic effect, by modifying the response to the various 


investigated chemotypes. 


Figure 1. Cell proliferation inhibition (%) of the Lippia alba essential oils obtained from 
different chemotypes. 
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Among all the cancer cell lines tested, HCT-116 presented the highest cell proliferation 
inhibitory effect at the concentration of 50 pg/mL in all the tested chemotypes. Thus, the 
ICso was determined, whose values ranged from 5.49-42.76 pg/mL (Table 7). The LA5 
and LA6 chemotypes only had weak antiproliferative action, with ICso of more than 100 
ug/mL. However, the LA3 and LA7 chemotypes were able to reduce cell viability of HCT- 
116 in low concentrations, approaching the results obtained for the standard drug, 


doxorubicin. 


B-caryophyllene and f-caryophyllene oxide are present in a large number of plants 
worldwide. Both compounds possess significant anticancer activities, affecting growth 
and proliferation of numerous cancer cell lines (Fidyt et al., 2016). The aldehydes 
geranial and neral demonstrated cytotoxic and antitumor effect against the HeLa cell 
line (Mesa-Arango et al., 2009). Citral (geranial + neral) and £-caryophyllene was major 
constituents found in some chemotypes, like LA3 and LA7, which could explain their 


better anticancer activity. 


4. CONCLUSIONS 


The chemical diversity allowed the identification of different chemotypes, whose 
medicinal properties were investigated, revealing a biotechnological potential of this 
plant. The results presented here indicate the main constituents of each chemotype, as 
well as the biological activities, which include antioxidant, antiacetylcholinesterase, 
antifungal and larvicidal activities, along with cytotoxicity against cancer cells. The 
chemical composition of the essential oils undergoes changes due to environmental 
factors and the circadian cycle. In addition, major constituents may influence on the 
biological action, then there is a need to study the constituents separately through in 


vivo assays. 
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1. INTRODUCTION 


Aedes aegypti Linnaeus is a mosquito species that plays an important role as a vector of 
diseases in tropical and subtropical zones. Aedes aegypti (L.) is the main vector of 
Dengue Hemorrhagic Fever (DHF) and Zika (Sutiningsih et al. 2017), and Chikungunya. 
To control mosquitoes and arbovirais diseases, which have a worldwide health and 
economic impacts, synthetic insecticide-based interventions are still necessary, 
particularly in situations of epidemic outbreak and sudden increases of adult 
mosquitoes (Nathan et al. 2006). However, the indiscriminate use of conventional 
insecticides is fostering problems like widespread development of insecticide resistance, 
toxic hazards to mammals, undesirable effects on nontarget organisms, and 
environmental pollution (Sutthanont et al. 2010). It is important to develop vector 
control methods that are more environmentally friendly and less costly, as larvicide 


deriving from plants. 


Essential oils are potentially used in larval control management because they constitute 
a rich source of bioactive compounds that are effective and naturally biodegradable into 
non-toxic products (Sutthanont et al. 2010). A large number of plants, including 
Zingiberaceae, Rutaceae, Euphorbiaceae and Myrtaceae family, shows essential oils with 
larvicidal activity (Sutthanont et al. 2010; Morais et al. 2006). Popularly known as 
zedoaria, the Curcuma zedoaria (Christm.) Roscoe is an Indian plant of the family 
Zingiberaceae (Shinobu-Mesquita et al. 2011) and is a close relative of Curcuma longa 
(Zingiberaceae) (Widyowati and Agil 2018). Curcuma longa, known as turmeric, is native 


from south and southeast Asia (Ali et al. 2015). 


In medicine, turmeric is extensively used for the management of various diseases, 
related to antioxidant, anti-inflammatory and cancer preventive properties due to 
curcuminoids (Dall'Acqua et al. 2016). The rhizomes of C. longa have also been reported 
with varied biological activities, including the toxicity against Aedes aegypti and 
Anopheles quadrimaculatus of hexane extracts and constituents (Roth et al. 1998, Ali et 
al. 2015). Curcuma zedoaria (white turmeric), Boesenbergia rotunda and Hedychium 
coronarium essential oils tested resulted in 100% mortality against Ae. aegypti and Cx. 
quin-quefasciatus larvae at 60 minutes and 30 minutes, respectively (Phukerd and 


Soonwera 2013). 
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The increase in resistance of the Aedes aegypti larvae and the slow delivery of new 
therapeutic strategies to Dengue, Zika and Chikungunya combat, increase researchers’ 
interest in locally grown plants with use in traditional medicine. Thus, the present study 
investigated the chemical composition and larvicidal activity of Curcuma longa and 


Curcuma zedoaria essential oils against Aedes aegypti larvae. 


2. MATERIALS AND METHODS 
2.1 PLANT MATERIAL AND ESSENTIAL OIL EXTRACTION 


C. longa and C. zedoaria were cultivated and collected during the morning at garden of 
Embrapa Tropical Agroindustry (Ceara), located at the Federal University of Ceara 
(Ceara). The taxonomic identification was perfomed in the Department of Biology, Prisco 
Bezerra Herbarium, Federal University of Ceara, voucher 59673 to Curcuma longa and 
60403 to Curcuma zedoaria. The essential oils were extracted from plants in the Natural 
Plants Products Laboratory, at Ceara State University by hydrodistillation as described 
in the literature by A.0.A.C (1995). 


2.2 GENERAL EXPERIMENTAL PROCEDURES 
2.2.1 THE ESSENTIAL OILS WERE SUBMITTED TO ANALYSIS BY CG/MS AND RMN. 


The CG/MS analysis was performed with a Shimadzu QP-2010 instrument using the 
following conditions: column: DB-1 MS (Agilent, part No. 122-5532) coated fused silica 
capillary column (30 m x 0.25 mm ~ 0.25um); carrier gas: He (1 mL/min, in constant 
linear velocity mode); the injector temperature was 250°C, in split mode, and the 
detector temperature was 250°C. The column temperature was programmed from 35- 
180°C at 42C/min then 180-280°C at 172C/min, and at 280°C for 10 min; mass spectra: 
electron impact 70 eV. The sample was injected in volume of 1uL. Compounds were 
identified by their retention times relative in GC to known compounds and by 
comparison of their mass spectra with those present in the computer data bank (NIST) 


and published literature (Adams 2007). 


The 1H and 13C NMR were obtained on Bruker spectrometers, Avance DRX-500 (500 
MHz for !H and 125 MHz for !3C) or DPX-300 (300 MHz for 1H and 75 MHz for 1°C), 
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proton chemical shifts were referenced to the residual undeuterated CHCl3 (6 7.27), 
while the center peak of the deuterated CDCl3 (5c 77.23) was used to reference the C-13 


spectra. 


3. LARVICIDAL BIOASSAY 


Aedes aegypti larvae of 3‘ instar were collected at NUVET (Vectors Control Nucleus of 
Ceara State Health Secretary, Ceara, Brazil). The test against Aedes aegypti was 
performed by preparing samples in concentrations of 250, 100, 50 and 25 ug/mL using 
DMSO (0.3 mL) to solubilize the oil in water (19.7 mL) that contained 50 larvae (3% 
instar) (Cavalcanti et al. 2004). The test was performed in triplicate and after 24 hours 
of incubation, the dead larvae were counted for determination of LCso (lethal 


concentration to kill 50% of the larvae). 


4. STATISTICAL ANALYSIS 


The experiments were performed in triplicate, and the results were expressed as mean 
and standard deviation (SD). The one-way ANOVA with the Tukey test was performed 
followed of comparisons testing for normal and homogeneous data, and when not, the 
Kruskal-Wallis test, Fisher's LSD multiple-posttest was used. The data were considered 


significant with p values below 0.05. 


5. RESULTS AND DISCUSSION 
5.1 CHEMICAL ANALYSIS 


The yields of essential oils were 0.30% for Curcuma longa and Curcuma zedoaria. Vieira 
and Simon (2000) explained that the yield of the essential oil depends on plant species, 
climatic and geographical areas, extraction and factors related to the plant, stage of 


maturation, and storage or preservation of the plant. 


Table 1 displays the chemical composition of Curcuma longa and Curcuma zedoaria 
grown in Fortaleza, CE, Brazil. The gas chromatogram (Figure 2.1) shows peaks 
correspondent to compounds in order of retention time. The C. Jonga rhizome presented 


14 compounds with 100% of the total identified, containing a-turmerone (33.09%), 
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eucalyptol (17.70%), a-phellandrene (14.25%), B-turmerone (13.82%), ar-turmerone 
(10.42%) and minor constituents such as terpinolene and para-cymene. The C. zedoaria 
essential oil presented 25 compounds, representing 95.21% of the total identified, and 
aS major constituents: eucalyptol (45.37%), camphor (15.71%) and curzerenone 


(13.55%). 


The chemical analysis of the essential oils of C. longa obtained from plants of different 
locations shows differences in the composition with ar-turmerone as main constituents, 
followed by smaller amounts of a- and B-turmerone (Singh et al. 2010, Ferreira et al. 
2013, Ali et al. 2015, Abdel-Lateef et al. 2016, Kumar et al. 2016, Hu et al. 2017, Avanco 
et al. 2017), differing from the findings of this study. For Curcuma longa grown in India, 
Kumar et al. (2018) revealed the presence of 11 compounds, representing 90.29% of the 
oil, in which terpinolene (52.88%) and a-phellandrene (21.13%) are the main 


components. 


For Curcuma zedoaria in plants from India, Mau et al. (2003) found epicurzerenone and 
curzerene in the first and second largest amounts (24.1 and 10.4%). In another study 
with the oil of C. zedoaria, a-terpinyl acetate (8.4%), isoborneol (7%), dehydrocurdione 
(9%) and selina-4(15),7(11)-dien-8-one (9.4%) were the main constituents of the leaf 
essential oil (Garg et al. 2011). In Curcuma zedoaria essential oils from Taichung 
(Taiwan), Chen et al. (2013) found 8,9-Dehydro-9-formyl-cycloisolongifolene, 6-ethenyl- 
4,5,6,7-tetrahydro-3,6-dimethyl-5-isopropenyl-trans-benzofuran, eucalyptol, and y- 


elemene. 
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Table 1. Chemical composition of C. longa and C. zedoaria essential oils 
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Figure 2.1 GC-MS total ion chromatograms for essential oils of Curcuma longa and 
Curcuma zedoaria. 
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The species variability can cause changes in their chemical composition and activities. 
Variations in the chemical composition of plants essential oils occur due to changes in 
abiotic factors such as plant location, season of the year and even the time of day 


(Nogueira-Sobrinho et al. 2016). 


All essential oils were examined by !H-NMR analysis for confirmation of the main 
chemical constituents (Figure 2.2). The major peaks of the essential oil of the white 
variety are those from the methyl groups of carbon 7 at 1.09 ppm and carbons 9 and 10 
at 1.28 ppm according to the published data 
(http://www.hmdb.ca/spectra/nmr_one_d/2000). In the essential oil of the red variety 
the 1H-NMR spectrum showed in 7.11 ppm the absorption of four aromatic hydrogens of 


the para-dissubstituted benzene ring of ar-turmerone, at 6.02-6.07 ppm of the double 
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bonded hydrogen, the methyl group attached to the aromatic ring at 2.31 ppm, and 
singlets at 1.88, 1.85 and 1.86 ppm of methyl groups of carbon 13 and at 2.09, 2.10 and 


2.13 ppm for methyl groups of carbon 12 for the three turmerones (Golding and Pombo- 
Villar 1992, Megumi et al. 2017). 


Figure 2.2. 1H NMR spectra of Curcuma longa (A) and Curcuma zedoaria (B) and 
structures of main constituents, solvent CDCl3, 300 MHz. 


Ar-turmerone q—turmerone 
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5.2 ACTIVITY AGAINST AEDES AEGYPTI 


Some studies have shown that the terpene components, alcohols and aldehydes of 
essential oils are mainly responsible for insecticidal or larvicidal activity (Lucia et al. 
2005). Essential oils can also act as digestive and neurological enzymes as well as 
interact with the insect in tegument (Isman 2006). Kim et al. (2003) demonstrated the 
importance of the relationship between chemical structure and compound activity; 


reporting that, the higher the lipophilicity and larger penetration (Gomes et al. 2016). 


A review of the literature revealed that 361 essential oils from 269 plant species were 
tested for their larvicidal activity against Aedes aegypti. More than 60 % of these 
essential oils were considered active (LCs0 <100 mg/L), and most of these active oils 
were derived from species belonging to Myrtaceae, Lamiaceae, and Rutaceae. Essential 
oils rich in phenylpropanoids, oxygenated sesquiterpenes, and monoterpene 
hydrocarbons were the most active (Dias and Moraes 2014).Curcuma is a genus 
belonging to Zingiberaceae family and main compounds present in the oils were 
oxygenated mono (1,8-cineole) and sesquiterpenes (curzerenone, ar-turmerone, a- 
tumerone and f-turmerone). Therefore, new sources as food ingredients should be 


investigated for discovering of nontoxic biolarvicides. 


Both Curcuma oils exhibit good action against Ae. aegypti larvae. However, C. zedoaria 
presented a better larvicidal activity with LCso of 46.33 + 1.21 e LCoo of 93.48 + 1.28 
ug/mL, corresponding 100% of mortality (Table 2). Sukontason et al. (2004) reported 


insecticidal on insects by eucalyptol (1,8-cineole), the main constituent of C. zedoaria. 


Essential oils of C. longa have been documented as insecticides against many species of 
insects, including members of order Diptera. Previous studies about C. longa 
demonstrated anti-inflammatory and anti-cancer effects, and fractionation of volatile oil 
from rhizomes provided ar-turmerone, which showed 100% mosquito action at a 


concentration of 50 ng/mL on Aedes aegypti larvae (Roth et al. 1998). 
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Table 2. Larvicidal activity of essential oil of Curcuma longa and Curcuma zedoaria 
against 3t instar of Aedes aegypti. 


Larvicidal against Aedes aegypti 
LCso (ug/mL) LCoo (ug/mL) 


Essential Oil 


C. longa 95.52 + 6.688 253:29 £31,307 


C. zedoaria 46.33 + 1.215 93.48 + 1.28> 


Different small letters mean statistical differences among lines (p<0.05). 


The Curcuma longa grown in Brazil showed a larvicidal activity in third instar larvae of 
Aedes aegypti with better action when compared to the results of Prajapati et al. (2005), 
with LCso values of 226.9 ug/mL. The variation can be done to differences in 
composition of Curcuma oil from different locations. The larvicidal action can cause 
cytopathological alterations, destruction of the midgut epithelial cells of Ae. aegypti as 
explained by Yu et al. (2015), and also dark larval after exposure to some natural 


products. 


Luna et al. (2004) performed with Ae. aegypti using the diagnostic concentration (CD) 
0.0125 ppm i.a. of the organophosphate temephos, resulted in 10% survival and 90% 
mortality. The difficulty in exterminating Aedes aegypti in Brazil, especially in the 
Brazilian Northeast, is due to the accelerated growth of the urban population, tropical 
climate (hot and rainy), and reproductive characteristics of the mosquito in our 
territory. However, frequent and increasing use of temephos causes mosquito-resistant, 


being gradually replaced by plants. 


In conclusion, the comparative study demonstrated that the larvicidal activity against 
Aedes aegypti of the essential oil of C. zedoaria presented better results, mainly due to 
the higher content in eucalyptol and camphor and both products present low toxicity 
against A. salina. Thus, the essential oils of Curcuma species cultivated in Brazil present 


good prospects of being a useful larvicide against Aedes aegypti. 
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1. INTRODUCTION 


In Brazil several medicinal plants were selected by the National Program of Medicinal 
Plants and Phytotherapics as the most promising for new studies. These included 
species of the genera Chenopodium, Equisetum and Croton (Souza et al., 2016). One of 
these species is Croton blanchetianus Baill. (syn. Croton sonderianus Muell Arg., which is 
found mainly in the Northeast region of Brazil, in the Caatinga biome (Cordeiro et al., 


2016). 


In ethnobotanical studies, this species is cited to prevent bleeding and treat liver 
ailments and stomach pain (Ribeiro et al., 2014). In pharmacological studies, the 
essential oil extracted from C. banchetianus showed antinociceptive activity in rats 
(Santos et al., 2005). It was demonstrated the bioactivity of C. blanchetianus essential oil 
on the Callosobruchus maculatus by reducing oviposition and emergence of adult (Silva 
et al, 2020). Another study conducted with C. blanchetianus essential oil against food 
pathogens showed a bactericidal effect against Aeromonas hydrophila and Listeria 
monocytogenes and a_ bacteriostatic action against Salmonella Enteritidis. A 
bacteriostatic effect on meat contaminated with L. monocytogenes was found for all 
concentrations of essential oils tested. Essential oil from the leaves of C. blanchetianus 
represents an alternative source of potentially natural antimicrobial agents that may be 
used as a food preservative (Melo et al., 2013). Due to the popular use and biological 


activities reported, C. blanchetianus deserve more studies. 


Acetylcholinesterase catalyzes the hydrolysis of the neurotransmitter 
acetylcholine at neuronal synapses, and at neuromuscular junctions, at the end of the 
signaling process. In Alzheimer’s disease (AD), acetylcholinesterase is present in higher 
concentration, then levels of acetylcholine in the brains are significantly diminished, 
which leads to weakened neurotransmission and thereby memory loss and other 
adverse effects. The cholinesterase enzyme may also be, at least partly, responsible for 
the buildup of amyloid B plaques and the nervous system is more prone to oxidative 
stress and oxidative damage (Caetano et al., 2017; Araujo; Santos; Gonsalves, 2016). 
Thus, the symptoms of AD can be ameliorated by the inhibition of AChE using natural 
compounds found in plants, such as alkaloids and essential oils (VIEGAS et al., 2004). In 
addition, the use of antioxidants in the diet can reduce the risk of AD (Gemelli et al., 


2013). 
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Oxidative stress and free radicals are associated with several diseases, such as cancer, 
cardiovascular diseases, cataracts and neurodegenerative disorders (Sousa et al., 2007). 
Many medicinal plants are known for their ability to scavenge free radicals through the 
production of antioxidant secondary metabolites (Amri; Hossain, 2018). The production 
of these compounds is influenced by several factors, such as ultraviolet radiation, 
temperature, nutrients, soil pH and other environmental factors (Sim6es et al., 2010) 


besides genetic aspects of the species (Gobbo-Neto; Lopes, 2007). 


Thus, this study aimed to determine the chemical composition and some biological 
activities of the leaf essential oils and ethanol extracts of C. blanchetianus. Four 
specimens were collected in the same conditions, to evaluate possible intraspecific 
variations that can influence the biological activities as antioxidants and inhibition of 


AChE, looking for potential sources of compounds to fight Alzheimer’s disease. 


2. MATERIALS AND METHODS 


The four specimens of C. blanchetianus were collected in April 2018, in the Bixopa 
district of the city of Limoeiro do Norte, Ceara, Brazil. The specimens were collected 
between 9 am and 10 am in a straight line, 20 meters apart. The species was identified 
by the botanist L.W. Lima-Verde of the Prisco Bezerra Herbarium of Federal University 


of Ceara, and registered under number EAC 47159. 


The essential oils from the leaves of the four specimens of C. blanchetianus were 
extracted by the hydrodistillation process individually with a Clevenger apparatus, 
maintained in the system for 2 hours to obtain the oils, which were dried with 


anhydrous sodium sulfate and kept under refrigeration until analysis. 


The four oils were subjected to gas chromatography coupled to mass spectrometry for 
the identification of the components. The chemical analyses of the essential oils were 
performed with a Shimadzu QP-2010 Ultra instrument, using the following conditions: 
column: Rtx-5MS (crossbond 5%, diphenyl/95% dimethylpolysiloxane) with 30m x 
0.25mm x 0.25um df; carrier gas: He (24.2 mL/min, at constant linear velocity); injector 
temperature of 250 °C, in split mode (1:100), and detector temperature of 250 °C. The 
column temperature was programmed from 35-180 °C at 4 °C/min and 180-280 °C at 


17 °C/min and kept at 280 °C for 10 minutes. The mass spectra were obtained by 
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electron impact at 70 eV. The sample was injected in 1 pL volume. The compounds were 
identified by their relative retention times in GC, compared with the NIST database and 
by visual comparison of mass spectra with those from a data catalog (ADAMS, 2012). 
Then, the essential oils were subjected to analysis to quantify the inhibitory capacity of 
acetylcholinesterase, which is associated with symptoms of Alzheimer’s disease. The 
method involved an BIOTEK Elisa reader, model ELX 800, with the Gen5 V2.04.11 
software and a 96-well plate containing the following solutions: 25 wL of 
acetylthiocholine iodide (15 mM), 125 wuL of 5,5’-Dithiobis-[2-nitrobenzoic acid] in 
Tris/HCl solution (50nM, pH = 8, with 0.1 M NaCl and 0.02 M MgCl2.6H20 (3mM, DTNB 
or Ellman's reagent)), 50 uwL of the Tris/HCl solution (50 nM, pH = 8, with 0.1% bovine 
serum albumin (BSA)) (ELLMAN et al., 1961). In addition, the oils were added at a 
concentration of 2 mg/mL, dissolved in methanol, and a serial dilution was performed to 
the concentration of 0.2 mg/mL. Thus, a first reading was made at a wavelength of 450 
nm for 30 seconds, then 25 uL of acetylcholinesterase (0.25 U.mL-!) was added and 
absorbance was read every minute for 25 minutes. The results of acetylcholinesterase 
inhibitory activity were submitted to analysis of variance (ANOVA), followed by the 
Tukey test at significance of 5% for comparison between specimens. For these tests, 


GraphPad Prism version 5.01 was used. 


3. RESULTS AND DISCUSSION 


In the GC/MS analysis, 52 constituents were tentatively identified in the four essential 
oils by comparison of their retention times - Kovat’s index and mass spectrum with 
those displayed in the Adams’ book (2012) of essential oil components. The relative 
percentual composition was obtained observing the peak area for each component in the 
gas chromatogram. Significant differences were observed in the types and contents of 
the major compounds of each oil. In the essential oil the specimen 1 (EOCB1), the main 
compounds were D-limonene (12.41%), -caryophyllene (10.35%), spathulenol 
(25.37%) and caryophyllene oxide (14.67%); in the essential oil from specimen 2 
(EOCB2) the main compounds were 1,8-cineole (7.01%), B-caryophyllene (6.02%), 
germacrene B (12.73%) and aristolene (16.09%); in the essential oil from specimen 3 
(EOCB3) the main ones were a-barbatene (11.77%), caryophyllene (11.49%), 
spathulenol (12.82%) and caryophyllene oxide (13.8%); and the essential oil from 
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specimen 4 (EOCB4) the main constituents were 1,8-cineole (26.70%), spathulenol 
(12.90%) and caryophyllene oxide (21.25%). The complete results are reported in Table 
1. 


As observed in table 1, there was a substantial variation both quantitatively and 
qualitatively of the chemical composition of the four oils. Some major compounds like a- 
barbatene, which is present only in EOCB3, and germacrene B and aristolene only in 
EOCB2, among others. In addition, different contents of the compounds occurred in 
more than one essential oil, such as caryophyllene, which in EOCB1 presented 10.35% 


and in EOCB4 was 1.37%. 


These chemical differences observed in essential oils of the same species can be 
explained by several factors. Among them are environmental conditions, which are 
directly linked to the production of secondary metabolites in the plant, like temperature, 
soil, luminosity and presence of pathogens. In addition, another factor that causes 
changes both in the yield and types of compounds in the oils is the intraspecific genetic 
variations of the plants, which affects their biological activities. (SimGes et al., 2010; 
Gobbo-Neto; Lopes, 2007). Thus, we believe these chemical differences present in the 
four C. blanchetianus essential oils is due to intraspecific variations, since the specimens 


were collected in the same place. 


The leaf essential oils from 62 specimens of Myracrodruon urundeuva were analyzed and 
six different chemotypes were characterized, nevertheless the variation was not related 
to the harvest time or habitat (De Aquino; Aratijo; Silveira, 2017). In another study, 
among the essential oils extracted from 31 populations of Lippia integrifolia, many 
differences were observed among them, being defined five chemotypes, associating the 


variation of the composition to the genetic factor (Marcial et al., 2016). 
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Table 1. Percentage composition of essential oils from the leaves of four Croton 
blanchetianus specimens (EOCB). 

Constituents | KILit KICal EOCB1(%) EOCB2(%) EOCB3(%) EOCB4 (%) 
939 | 933 |  - | 051 | 1.5 
eS a (72 72 |) (| OC 
|BPinene S| 979 97TH 
ie:Myncene) | 990 990 | et Ee 
|p-Cymene | 1024 | 1024 | 3.87 | 
(2 227 | | 
}18-Cineole | 1031 —| 1080 «| S| 26.70 
| 2-Heptanol, acetate | 1034 | 1040 | 8 
|Linalool | 1096 | 094 | tT 
er ee a eS ae 
|Borneol | tt | 7a | 
|Terpinen-4-ol S| 1077_—*|s 178 | 52 || 
|p-Cymen-B-ol | 1082 | 1188 | 360) | 
ey ee cess ee See Ree Skee Sess 
|a-Terpinel | 188 | 1193 | 07296 | 556 | 409 
|Myrtenol | 1095 | 1207, «| 
|6-Elemene | 1338 | 1350 | | | 
|Cyclosativene | 1371 =| 1368 | TT 
|aCopaene | 1376 | 1383 | 066 | 
|BElemene | 1390_—*| 1399 | a7 | eo || 
[ano en es SO SS SS SS SS 
|Aromadendrene | 1441 | 1444 | 4s TAT 
|a-Humulene | 1454 | 1458 | 271 | 
age es (79 248 | 20) 
| Eudesma-4(14),11-diene | 1483 | 1481 | 24 | | 482 | 
G20 ec | 2 | | ee 
|Guaia-1(10),11-diene | 1488 | 1490, | | HT 
Ree (A772 
fa-Selinene | 1498 | 1497 | 39) | 
|4-Epi-Cubebol | 500 | i490 89 sa 
|Trans-Calamenene | '1509_ | 1500 | = - | 469 | os] 
es Cen | | NE 20 |. | | 
|6-Cadinene | 1523 | 1523, | 035 | 2 | 
|GermacreneBO | 1559 [isso ton 
| CaryophylleneOxide ——|_ 1583 | 1580 | 1467 | = - ~~ | 38) | 225 
|Aristolene | 585 | 1587 | 505 | | 
[vist SS ee ie ee ee ee 
[ledol = Cid|C 899 =| 1595 | 79 | a7 | T 
[RCS i ES (SS SSS ee eee 
|Selina-6-en-4-ol | 1624 | 1630 | 077 | 
|GermacreneD-4-ol_ | 1626_—*| = 1632_ (| | 94 TT 
|Xantoxilyn | 1650 | 1645 | 845 | 
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Table 1. Percentage composition of essential oils from the leaves of four Croton 
blanchetianus specimens (EOCB)(Continuation). 
Constituents | KILit KICal EOCB1(%) EOCB2(%) EOCB3(%) EOCB4 (%) 
|Isolongifolen-5-one | 1685 | 1660 |  - | 260 | | 


cts i it Sie ES eS Saas 
|Guaiazulene | 1781 | 1772, sf eT 
LE ae ea 
The order of compounds is displayed according to their retention times in a non-polar 
columnRtx-5MS. KILit = Kovats Index from the literature; KICal = Kovats Index 
calculated by linear regression using the compounds in highest proportion in the oils. 


The results of the acetylcholinesterase inhibition test were shown in Table 2. The four 
essential oils revealed good results as compared to the standard physostigmine but with 


significative differences among them. 


Table 2. Inhibitory activity of acetylcholinesterase by the four essential oils of Croton 
blanchetianus 
PHYS EOCB1 EOCB2 EOCB3 EOCB4 


ICs0 1.154 10.31+ | 15.534 659+ | 11.984 
(ug/mL) 0.058 0.03¢ 0.03¢ 0.19» 0.534 


ICso = 50% inhibitory concentration of the enzyme acetylcholinesterase, PHYS = 
physostigmine. 


The relevant activity of the essential oils for AChE inhibition is associated with some 
compounds present, such as: 1,8-cineole, a-pinene, B-myrcene, terpine-4-ol, limonene 
and E-caryophyllene (Souza, et al., 2012; Burcul et al., 2019). These compounds were 
present in most oils, explaining their good activity, since the anticholinesterase potency 
was Classified in three categories in accordance to their ICso values: high potency, ICso < 
20 ug/mL; moderate potency, 20 < ICs0< 200 pg/mL; and low potency, 200 < ICso0 < 
1,000 ug/mL. (Santos et al, 2018). In addition, in a previous study synergism in the 
inhibition of this enzyme was found between the compounds 1,8-cineole and 
caryophyllene oxide, present in oils EOCB3 and EOCB4 (Savelev et al., 2003). Although 
EOCB1 did not contain 1,8-cineole, one of the main compounds with activity was D- 


limonene, which has previously been found to inhibit AChE (Souza et al., 2012). 


E-caryophyllene (BCAR) is a major sesquiterpene of various plant essential oils 


reported for several important pharmacological activities, including antioxidant, anti- 
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inflammatory, anticancer, cardioprotective, hepatoprotective, gastroprotective, 
nephroprotective, antimicrobial, and immune-modulatory activity. Recent studies 
suggest that it also possesses neuroprotective effect. Additionally, BCAR has local 
anesthetic-like activity, which could protect the nervous system from oxidative stress 
and inflammation and can act as an immunomodulatory agent then there is a possible 
application of BCAR as a neuroprotective agent (Machado et al., 2018). All of these 
findings suggest that B-caryophyllene has a potent neuroprotective activity, and its 


neuroprotection may be partly related to the modulation of inflammatory mediators. 


Eugenia pyriformis essential oil presented a biocidal potential of in the control of 
Rhipicephalus (Boophilus) microplus in the free-living cycle. The mechanism of action 
through which killed the larvae and adult females was investigated by the 
Bioautographic Method, which showed inhibition of 3.15 mg/mL of the EO on the 
acetylcholinesterase (AChE) enzyme. Main constituents of the oil were spathulenol 


(43.65%) and caryophyllene oxide (12.17%) (Medeiros et al., 2019). 


Sage (Salvia spp) is reputed in European herbal encyclopaedias to enhance memory, and 
current memory-enhancing/anti-dementia drugs are based on enhancing cholinergic 
activity by inhibiting cholinesterase. The effects of Salvia lavandulaefolia Vahl. (Spanish 
sage) essential oil and some of its constituent terpenes on human erythrocyte 
acetylcholinesterase were examined in-vitro. The essential oil, 1,8-cineole and alpha- 


pinene were most actives (Perry et al, 2000). 


4. CONCLUSIONS 


The essential oils of C. blanchetianus showed good activity in the inhibition of the 
enzyme acetylcholinesterase. This opens possibilities for the plant’s leaves to be used to 
prevent memory deficits. In this respect, other studies have already demonstrated the 
effect of the essential oil of this species on the nervous system through the 
antinociceptive action. In addition, this species presented intraspecific variations in the 
production of secondary metabolites, significantly influencing their biological activities. 
Thus, for a desired use as anticholinesterase agent, C. blanchetianus specimens with 
essential oils rich in B-caryophyllene, caryophyllene, spathulenol and 1,8-cineole should 


be domesticated for future studies in this medical area. 
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1. INTRODUCTION 


The Lamiaceae family includes about 250 genera, represented by approximately 6,970 
species has a wide range of species related to biological and pharmacological activities. 
The Lamiaceae family includes about 250 genera, represented by approximately 6,970 
species has a wide range of species related to biological and pharmacological activities. 
Since ancient times, plants of the family have been used to improve the flavor and 
organoleptic properties of different types of food, and phytotherapy (Falcdo; Menezes, 
2003; Blumenthal, 1999; Bozin et al., 2006; Bruneton, 1999). 


Among the genera of the family, the Mentha genus stands out for its therapeutic and 
industrial applications. Several species have distribution worldwide, with the center of 
origin to Southern Europe and the Mediterranean region, supporting low temperatures, 
but well adapted to the tropical climate. They are evergreen plants with opposite leaves, 
petiolated and pubescent. There are approximately 25 species in the genus, and the 
genus Mentha consists of a large number of hybrids mainly from the cross between the 
various populations, such as the M. x villosa, hybrid of crossing M. spicata with M. 
suaveolens, as the M. x gracilis, hybrid of crossing M. arvensis with M. spicata (Mattos, 
2000; Hokkini, 1991; Tucker; Naczi, 2007; Zeinali et al., 2005; Turra; Pereira, 2012; 
Pegoraro et al., 2010). 


The mint stands out for culinary use or medicinal teas to combat intestinal parasites and 
digestive disorders. The aromatic leaves of Mentha species are used fresh and dried as 
flavorings or spices in a wide variety of foods. They contain biologically active 
components. The main product of Mentha is essential oil, which can be obtained by 
different extraction methods. Essential oils are volatile organic constituents responsible 
for the fragrance of many plants. They can be obtained from flowers, leaves, fruits, seeds, 
roots, rhizomes and stems of plants. The essential oils may contain about 20 to 60 
components in very different concentration and are characterized by two or three main 
components in relatively high concentrations compared to other components present 
(Lorenzi; Matos, 2002; Gracindo et al., 2006; Monteiro, 2009; Morais et al., 2006; 
Croteau; Kutchan; Lewis, 2000). 


The main components found in the essential oil of Mentha are menthol, menthone, 


isomenthone, 1,8-cineole (eucalyptol), menthyl acetate, menthofuran, limonene, B- 
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myrcene, B-caryophyllene, pulegone, carvone, piperitone oxide, piperitenone oxide and 


linalool (Gracindo et al., 2006; Xu et al., 2003; Pittler; Ernst, 1998). 


The essential oils of Mentha genus species arouse great interest due to their biological 
properties and their commercial value. Among the biological properties stand out its 
antioxidant activity, both in scavenging free radicals as in the inhibition of peroxidation 


of B-carotene (Mimica-Dukic et al., 2003; Schmidt et al., 2009). 


Free radical is a chemical species with one or more unpaired electrons. Its excess has 
harmful effects such as peroxidation of membrane lipids and attack to proteins the 
tissues and membranes, DNA, enzymes and carbohydrates. The free radicals are related 
to a series of chronic diseases such as arteriosclerosis, cancer, inflammation and 
neurodegenerative diseases such as Parkinson's disease and Alzheimer's disease. An 
effective way to eliminate the free radicals is with the help of antioxidant compounds. 
Therefore it has focused attention on the use of antioxidants to protect the biological 
cells of damage caused by free radicals (Berger; Hamilton, 1995; Husain; Cillard; Cillard, 
1987; Nickavar et al., 2006; Galvez et al., 2005; Kukic; Petrovic; Niketic, 2006; Kiselova et 
al., 2006; Mathew; Abraham, 2006). 


Antioxidants have been widely used as food additives to provide protection against 
oxidative degradation of food and extend its useful life. They can act as free radical 
scavengers, reducing agents, chelating agents metal, deactivator of singlet oxygen 
molecules and/or activator of antioxidant defense enzymes to suppress radical damage 


in biological systems (Djeridane et al., 2006; Yu et al., 2002; Prior; Wu; Schaich, 2005). 


Therefore, the aim of this study was to determine the chemical composition of essential 
oils and evaluate the potential antioxidant against the DPPH radical and to system B- 
carotene/linoleic acid of Mentha spicata L. (Botucatu Mint), Mentha sp. x Mentha villosa 


Huds. (Ceara, Brazil), Mentha x Mentha gracilis Sole. (Bergamot). 
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2. MATERIALS AND METHODS 
2.1 PLANT MATERIAL AND EXTRACTION OF ESSENTIAL OILS 


The plant material was cultivated and collected in the morning at a farm of Embrapa 
Tropical Agroindustry (Ceara), located at the Federal University of Ceara (Fortaleza, 
Brazil). The three species have botanic and genetic certification and were obtained from 
the databank of germoplasm of Embrapa Genetic Products located in Brasilia (Brazil). 
The essential oils were extracted at Padetec - Technology Development Park (Fortaleza, 
Brazil) by hydrodistillation as described in the literature (Craveiro; Matos; Alencar, 


1976). 


2.2 ANALYSIS OF GAS CHROMATOGRAPHY / MASS SPECTROMETRY (GC-MS) 


The chemical analysis of the constituents of essential oils was performed by gas 
chromatography coupled with mass spectrometer in Shimadzu QP-2010 model using the 
following conditions: Column: DB-5 MS (Agilent, Part No. 122-5532); coated capillary 
column of fused silica (30 m x 0.25 mm x 0.25 um); Carrier gas: He, at a flow rate of 1 ml 
/ min at the constant linear velocity mode; injector temperature was 250°C in split mode 
(1:100) and the detector temperature was 250°C. The column temperature was 
programmed from 35 - 180 °C at 4°C / min, then 180 - 280°C at 17°C / min and 280°C 
for 10 min; and the mass spectra were obtained with electron impact of 70 eV. The 
injected sample volume was 1 ml. The compounds were identified by their retention 
index in gas chromatography compared to known compounds for the type of column 
used, and by comparison of their mass spectra with those present in the database of 


virtual library (NIST) and spectra published in the literature (Adams, 2001). 


2.3 NMR SPECTRA OF M. X M. VILLOSA ESSENTIAL OIL 


The chemical structure of the major compound of M. x M. villosa essential oil was 
determined by one-dimensional spectroscopic methods (1H and !3C NMR) at the 
Northeastern Center for the Application and Use of Nuclear Magnetic Resonance 


(CENAUREM), located in Federal University of Ceara. 
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2.4 ANTIOXIDANT ACTIVITY 


2.4.1 DETERMINATION OF ANTI-FREE RADICAL ACTIVITY BY DPPH (1,1- 
DIPHENIL, 2-PICRYLHYDRAZYL) METHOD 


It was added to a test tube containing 3.9 ml of DPPH methanolic solution 6.5x10-5 M, 
0.1 mL of methanolic solution of essential oils in different concentrations (10000, 5000, 
1000, 500, 100, 50, 5 and 1 pg/mL). Initially it was determined the absorbance of DPPH 
solution (control) and after 1.0 h the absorbance of the mixture was measured at 515 
nm in spectrophotometer model Thermo-BioMate 5. The test was performed in 
triplicate and the results were considered positive if the absorbance decreased with 
time (Yepez et al., 2002). To calculate the potential for inhibition of DPPH for essential 


oils in terms of percentage (PI%), the following equation was used. 


A -A 
PI% = DPPH Sample x 100 
ApPPH 


Where Apppu is the absorbance of DPPH solution and Asampie is the absorbance of the 


solution when the oil was added to a particular concentration. 


The pecentual inhibition (%) for each concentration was determined and the inhibitory 
concentration of 50% of the free radical DPPH (ICso) was calculated by straight equation 
obtained by linear regression using Origin 7.0 statistical program. The data are 


presented with 95% confidence intervals. 


2.4.2 DETERMINATION OF ANTIOXIDANT CAPACITY - SYSTEM OF CO-OXIDATION 
OF B-CAROTENE/LINOLEIC ACID 


Initially 2 mL B-carotene solution (0.2 mg/mL chloroform) was pipetted into a round- 
bottom flask containing 20 uL linoleic acid and 200 uL Tween 40. The mixture was then 
evaporated at room temperature to remove chloroform. After evaporation, the mixture 
was immediately added to 100 mL of distilled water. The mixture was vigorously shaken 
to form an emulsion. Concentrations of 200, 100, 50, and 25 ug/mL of samples in 
methanol were prepared in test tubes and 0.2 mL aliquots were added to 5 mL of the 
solution of B-carotene - linoleic acid. A solution without the B-carotene - linoleic acid was 
prepared under the same conditions for each concentration (control solution). All the 


mixtures were incubated at 50 °C for 2 hours and measured at 470 nm (Wettasinghe; 
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Shahidi, 1999) in spectrophotometer model Thermo-BioMate 5. Absorbance of the 
sample was measured immediately and the antioxidant activity (AA) was calculated 


based on the following equation. 


AA %:[ 1 - Ar-Ao ] x 100 
A% -A% 


Where A®o and Ao are the absorbance values measured at the initial time of the 
incubation for samples and control, respectively, while A®%: and At are the absorbance 


values measured in the samples or standards and control at t = 2 hours, respectively. 


The antioxidant activity (%) for each concentration was determined and the 
inhibitory concentration of 50% of the oxidation of B-carotene (ICso) was calculated by 
straight equation obtained by linear regression using Origin 7.0 statistical program. The 


data are presented with 95% confidence intervals. 


3. RESULTS AND DISCUSSION 


The M. spicata, with 0.07% showed the best extraction yield of the essential oil from the 
studied species. The low yields obtained can be related to a number of factors such as 
the genotype, the plant developmental stage and environmental conditions (Marotti; 
Piccaglia; Giovanelli, 1994) essential oils extraction yields observed in the literature for 
some species of the genus range from 0.05 to 1.6% (Bhat et al., 2002). The yields of oils 
obtained are shown in Table 1. 


Table 1. Extraction yields of Mentha essential oils 
Code Precedence/Denomination Name Yield % 


CM 65 Ceara (Brazil) Mentha sp. x M. villosa H. 


The chemical composition of essential oils from M. x M. gracilis, M. spicata and M. x M. 


villosa determined by gas chromatography coupled mass spectrometry is shown in Table (@) 
Zz. 
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Table 2. Relative percentage composition of essential oils of Mentha species 


M.xgracilis M.spicata M.xvillosa 
Compounds Riri Rlexp. (Bergamot) (Botucatu) (Ceara) 
A-hydroxy-4-methylpentan-2-one | 839 | 895 | |S 
ecPinene a8 
Sabinene 1.36 
G-Pinene 2.01 
[300 ~| 987 _| | 


3.16 
3-Octanol Sy rae es 
Limonene 6.38 
1,8-Cineole (eucalyptol) 2.48 
cis-Ocimene P1040 | 1028 [078 | 090 | 1.23 
trans-f-Ocimene OE 
Terpinolene F085 | tos | —*i| ose _ 
[-Linalool [tooo | toon fC 
3-Octanyl acetate | itoz | tio | | tS 
isomenthone [ties [asa [ova | id 
a ee 
oe 
| 0.40 | 
75 


Myrcene 
Menthofurane 
1-Menthol 20.16 
o-Terpineol Ea 
Pulegone [07 [ize | id 
D-Carvone a ea 
cis-Piperitone oxide Bea ea eee 
1-Hydroxy-p-mentha-4,8-dien-3-one aan Ee | 

[ee [a0 | 


Piperitenone oxide 1363 1363 33.20 


B-Bourbonene 1388 1385 


0.40 
a aT 


0.37 


0.35 


aa 


a 
p-Elemene Le = 
(=e) 


Epi-Bicyclosesquiphelandrene | 0.71 
Germacrene D 477 
¥-elemene 
Bicyclogermacrene 4a | tage | 
Germacrene A ee 
15,Cis-Calamenene a 
Spathulenol | 1s7e | 1s76 | 
is | 
oes 


10.17 


Paar 
eeerar OEE 
re 
es 2 
F023 | 063 


Caryophylene oxide 0.23 

Phytol 
Monoterpene hydrocarbons | T2255 | 36.02 | 15.59 

FOxygenated monoterpenes SSSSCSC~dCt‘“‘“‘“dRSC‘ORTCC*WdS;C~C«GS~C|CSS_ 
FSesquiterpene hydrocarbons ———SCS~SC*C‘“‘“‘“RSC CSCS 2B | 22dG 
Oxygenated sesquiterpenes SSCS iY |i 
Others SCSCSSC‘“RSCSC C*dCts if 


% Total Identified FT 98.53 98.71 9686 | 


RILit.- Retention Index of Literature; RIExp.- Experimental Retention Index. 
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From the GC/MS analysis 13 components were identified in the essential oil of M. x 
gracilis, 25 components for the M. spicata and also 25 for M. x villosa. The percentage of 
compounds identified in the essential oils of the three species ranged from 96.86 to 
98.71% and a predominance of oxygenated monoterpenes was observed in the 
composition of the essential oils, as reported in literature (Pegoraro et al., 2010; 
Gracindo et al., 2006). A significant content of hydrocarbon monoterpenes was observed 


in the essential oil of M. spicata. 


The essential oil of M. x gracilis presented the predominance of monoterpenes 
piperitenone oxide, menthol, 1,8-cineole (eucalyptol) and B-pinene (9.10%). Different 
results were reported with high carvone contents followed in smaller proportion by 


limonene (Poovaiah; Weller; Jenks, 2006; Zheljazkov; Astatkie, 2011). 


The essential oil of M. spicata presented as major constituents the monoterpenes 
piperitenone oxide, 1,8-cineole, eucalyptol, limonene and myrcene. Considerable levels 
of trans-B-caryophyllene and germacrene D were also found. The oil composition of M. 
spicata is described as rich in carvone, which was not observed in this work (Gracindo et 


al., 2006; Poovaiah; Weller; Jenks, 2006). 


The CG/MS analysis of the essential oil of M x villosa showed two compounds with 
similar mass spectra (Figure 4.1) with base peak M* 166, and differences only related to 
peaks height, one correspondent to piperitenone oxide (10.13%) and the other one was 


the major component (42.79%). 


Figure 4.1. Mass spectra of the major component from M x villosa EO and Piperitenone 
oxide compared to literature data (Adams, 2007). 


39 138 


33 
| | | 79 9s 109 123 
1st 166 
ve aes Lk agall i ated met oettdl omelet Uprevrpeth_ erqeerepreety terprrenerry 
40 50 60 ‘0 80 


20-30 7 90 100 110 120 130 140 150 160 170 180 
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13C NMR spectra of hole essential oil show two carbonyl groups in 212 an 199 (the 
monoterpenes 1-hydroxy-p-mentha-4,8-dien-3-one, piperitenone oxide and limonene 
(6.38%). The sesquiterpene germacrene D also stood out with the content of 10.17%. 
High levels of piperitenone oxide and limonene are also found for the essential oil of M. x 
villosa (Matos-Rocha et al., 2013; Lima et al., 2014). Figure 4.2 shows the proposed 
structure of major component, 1-hydroxy-p-mentha-4,8-dien-3-one, oxygenated 
monoterpene also identified by nuclear magnetic resonance 1H and !8C as shown in 
table 3. 

Figure 4.2. Representation of structural formula of 1-hydroxy-p-mentha-4,8-dien-3-one 


and piperitenone oxide 
1-hydroxy-p-mentha-4,8-dien-3-one Piperitenone oxide 


Carbon 6H 6H 5C 56C 


Number (predicted) real (predicted) real 


Pei 7085] 
po 195.35 | 199.91 | 
a ee 
| 645 TT 126.02 | 120.85 _| 
. | 2.35;2.40 . 
pt 27.98 28.13 
ae ee ee 2 
pA 5720.70 _ | 


The predicted chemical shifts were obtained through software available in 
http://www.nmrdb.org 


2.34; 2.38 2.35; 2.40 Senlly) 36.29 
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The fragmentations of the main peaks in the mass spectrum of the majoritary 


monoterpene in the essential oil of M. x villosa are shown in figure 4.3. 


Figure 4.3. Suggested fragmentations for the main peaks in 1-hydroxy-p-mentha-4,8- 
dien-3-one 


MiZ = 66 
(Base Peak) 


[M*] = 166 


The stable radical DPPH was reduced by the methanol extract of thymol with an 
ICso value of 0.538 + 0.02 ug/mL (Esmaeili & Mohabi, 2014). By the B-carotene/linoleic 
acid method, among standards tested, BHT (ICso > 25 ug/mL) was the most efficient, 
followed by thymol (ICso 105.82 wug/mL) and ascorbic acid (ICs0 118.15 pg/mL) 
(Andrade et al., 2013). 


The essential oil of M. spicata stood out from the others for its antioxidant activity, with 
ICso of 27.54 ug/mL for the scavenging method of DPPH* and 0.44 mg/mL by the 
method of inhibiting the oxidation of B-carotene. The ICso value of this oil by the method 
of inhibition of oxidation of f-carotene was near to thymol (0.33 mg/mL), 
demonstrating that the high limonene content can contribute to the antioxidant activity 


(Gracindo et al., 2006). 


In general, the phenolic compounds present in essential oils such as thymol and 
carvacrol have higher antioxidant activity, nevertheless, in the essential oil of M. spicata 
unsaturated hydrocarbons are in higher proportion. Besides the oxygenated 
monoterpenes as phenolic compounds, the allylic alcohols as 1,8-cineole and 
unsaturated terpene hydrocarbons as limonene and myrcene also have significant 


activity (Ruberto; Baratta, 2000). 


Wang et al. (2019) determine the efficacy of seven predominant wine terpenoids (i.e. a- 


pinene, limonene, myrcene, geraniol, linalool, nerol, and terpineol) as antioxidant by 
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DPPH method. a-Pinene showed the strongest DPPH free radical scavenging effect with 
an ICso = 2.57 + 0.18 mg/mL. This was followed by limonene at 13.35 + 0.26 mg/mL and 
nerol at 26.08 + 2.28 mg/mL. Myrcene (40.83 + 1.68 mg/mL) showed the lowest 
scavenging activity. The determined ICso values were in the order BHT < a-pinene < 
limonene < nerol < terpineol < geraniol < linalool < myrcene. Then mainly limonene 


followed by myrcene can contribute to the antioxidant activity. 


Table 4. Assays of antioxidant activity of essential oils of Mentha species 


ICso 
Mentha specie B-Carotene /linoleic acid 
DPPH (pg/mL) 
(mg/mL) 
Mentha x gracilis 93.44 + 0.08 0.83 + 0.04 
Mentha spicata 27.54 + 0.01 0.44 + 0.02 
Mentha x villosa 111.78 + 0.10 1.98 + 0.07 
Thymol Ze 002 0.33 + 0.04 


It is known that the mt bonds are responsible for the antioxidant activity of terpenes. 
Blocking the double bond decreases the antioxidant activity of monoterpenes (Wojtunik; 


Ciesla; Waksmundzka-Hajnos, 2014). 


4. CONCLUSIONS 


The composition of essential oils showed the major presence of oxygenated 
monoterpenes. The monoterpenes piperitenone oxide, limonene, 1,8-cineole 
(eucalyptol), myrcene and pinene were found in relevant content in the evaluated 
essential oils, as well as the sesquiterpenes trans-B-caryophyllene and germacrene D. 
Menthol and 1-hydroxy-p-mentha-4,8-dien-3-one were also prevalent in the essential 


oils from M. x gracilis and M. x villosa, respectively. 


The essential oils from M. x villosa and M. x gracilis presented, in general, lower 
antioxidant activity when compared to thymol. The essential oil of M. spicata exhibited 
better antioxidant activity among the studied species and its inhibitory action of B- 
carotene oxidation can be considered similar to thymol activity, probably due to higher 
content in limonene and 1,8-cineole. Also it was possible to identify by means of mass 


spectrum and !H and !3C NMR, a substance which was not yet reported in the literature, 
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the 1-hydroxy-p-mentha-4,8-dien-3-one, an oxygenated monoterpene and a 


piperitenone oxide isomer. 
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1. INTRODUCTION 


The use of natural products as raw material for the extraction of chemical components 
that have biological activity has been widely reported over the years. The biodiversity of 
Brazil is considered a source of biologically active substances; therefore, its preservation 
and study are essential due to its enormous potential in the discovery of new drugs with 
pharmacological action, which has long been attracting interest from researchers in the 


pharmaceutical area (KORDALI et al., 2008). 


Important active principles can be found in all parts of the plants, and these are 
synthesized by the secondary metabolism of plants giving rise to a series of known 
substances and with diverse biotechnological applications. One of the most important 
classes are the essential oils, which are volatile compounds released by some plants that 
have the function of chemical signaling for communication between species, protection 
against microorganisms, herbivores and environmental conditions (Nunes et al 2006). 
Essential oils are a rich source of volatile secondary metabolites, usually associated with 


important biological activities (Figure 5.1). 


Figure 5.1. Some applications of essential oils from plants 
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1.1 AS ANTIMICROBIAL AGENT 


In modern complementary and alternative medical practice, plants are the primary 
source of therapeutics and each part of the plant, including the seeds, root, stem, leaves, 
and fruit, potentially contains bioactive components. The main bioactive components in 


medicinal plants are considered to be combinations of secondary metabolites 


The interest in essential oils and their application in food preservation has been 
amplified in recent years by an increasingly negative consumer perception of synthetic 


preservatives. The antimicrobial activity of most terpenoids is linked to their functional 
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groups, and it has been shown that the hydroxyl group of phenolic terpenoids and the 


presence of delocalized electrons are important for antimicrobial activity. 


The terpenoids are a large group of antimicrobial compounds that are active against a 
broad spectrum of microorganisms, with the most active monoterpenoids identified so 
far being carvacrol and thymol. Dorman and Deans (2000) investigated the effect of 
many terpenoids against 25 different bacterial strains, and showed that all aromatic 
terpenoid compounds, except borneol and carvacrol methyl ester, exhibited a broad 
antimicrobial activity. The antimicrobial activity of carvacrol, thymol, linalool, and 
menthol were evaluated against Listeria monocytogenes, Enterobacter aerogenes, E. coli, 
and Pseudomonas aeruginosa. The most active compound was carvacrol followed by 
thymol with their highest MIC being 300 and 800 ug/mL, respectively (Bassolé et al., 
2010). Then these aromatic monoterpenes represent antimicrobial agents to be used in 


food preservation or for general antimicrobial use (Morten; Tina; Rikke et al., 2012) 


Vitex gardneriana, popularly known as "jaramataia", is a shrub commonly found in the 
Caatinga biome located in northeast Brazil. In folk medicine, its leaves have been used as 
analgesic and anti-inflammatory agents. The chemical composition of the leaf essential 
oils extracted at 8.00, 12.00 and 17.00 h from V. gardneriana present a circadian rhythm, 
and antimicrobial and anticholinesterase activities vary with the composition. The main 
constituents were the sesquiterpenes cis-calamenene, 6,9-guaiadiene and caryophyllene 
oxide. The essential oils showed activity against strains of Trichophyton rubrum (Pereira 


et al., 2018). 


The compounds thymol, eugenol, estragole and anethole and some O-methyl-derivatives 
(methylthymol and methyleugenol), whose structures are shown in figure 5.2, were 
tested against Candida spp. and Microsporum canis with and showed in vitro antifungal 


activities (Fontenelle et al., 2011). 


Biotechnological potential of essential oils from native and cultivated plants in Brazil 


Figure 5.2. Antifungal aromatic monoterpenes and aryl-propanoids 
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With the increase of microbial diseases and many reports of resistance of 
microorganisms to antifungal drugs, the importance of studies on bioprospecting of 
natural products with antimicrobial properties also increases. Essential oils from five 
Brazilian Ocimum species: O. americanum, O. basilicum var. purpurascens, O. basilicum 
var. minimum, O. micranthum and O. selloi were tested against Candida albicans, C. 
tropicalis, C. parapsilosis, C. glabrata and C. krusei by the broth microdilution method. 
The main constituents for 0. americanum oil were 1,8-cineole (25.9%) and (Z)-methyl 
cinnamate (29.4%), for O. basilicum var. purpurascens linalool (41.5%) and a-muurulol 
(11.8%), for O. basilicum var. minimum linalool (44%) and 1,8-cineole (15.5%), for O. 
micranthum and eugenol (64.11%) and £-caryophyllene (14.3%) and for O. selloi, 
linalool (16.8%) and anethole (52.2%). The Ocimum essential oils, mainly O. micranthum 
and 0. selloi are active in vitro against the Candida species showing to be promising 
sources for new phytotherapeutic agents to treat mycosis due to the presence of 


effective antifungal compounds as eugenol and anethole (Vieira et al., 2014). 


The essential oil from Coriandrum sativum L. fruits, obtained by hydro-distillation, was 
analyzed by gas chromatography/mass spectroscopy. Linalool was the main constituent 
(58.22%). The oil was considered bioactive, showing an LCs value of 23 pg/mL in the 


Artemia salina lethality test. The antifungal activity was evaluated against Microsporum 
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canis and Candida spp. C. sativum essential oil is active in vitro against M. canis and 


Candida spp. demonstrating good antifungal activity (Soares et al., 2012). 


Resistance to use antifungal drugs is a great concern seeking for scientists to discover 
new products to treat fungal infections. Essential oils and extracts of Plectranthus 
grandis and Plectranthus ornatus were tested against Trichophyton rubrum and 
Microsporum canis dermatophytes strains. Extracts were obtained from leaves by 
maceration in ethanol (96%) during 7 days. The oils were obtained by hydrodistillation 
and analyzed by gas chromatography/mass spectrometry. A total of 25 components 
were identified, as major constituents the sesquiterpenes B-caryophyllene, a-copaene, 
germacrene, B-caryophyllene and caryophyllene oxide. The decocts obtained from the 
extraction of essential oil presented a greater antioxidant action when compared with 
the essential oils, with ICs0 values of 12.35 ng/mL and 15.69 pg/mL to P. ornatus and P. 
grandis, respectively. Natural products presented significant antifungal activity, with 
MIC values ranging from 0.078 mg/mL to 0.31 mg/mL for all strains, indicating its 
potential for use in preventive veterinary medicine to treat dermatophytosis (Ribeiro et 


al., 2018). 


Effect of essential oils from Mangifera indica L. cultivars on the antifungal susceptibility 
of Candida spp. strains isolated from dogs. Tommy Atkins cultivar presented B-selinene 
(29.49%), caryophyllene oxide (12.40%) and humulene II epoxide (8.66%) as main 
constituents, while the main constituents of Rosa, Moscatel and Jasmim varieties were 
caryophyllene oxide (23.62, 48.42 and 30.77%, respectively) and humulene epoxide II 
(11.56, 23.45, and16.27%, respectively). The means of inhibition zones were 11 + 0.71, 
13.5 + 3.54, 10.5 + 0.71 and 13.5 + 0.71mm to Tommy Atkins, Rosa, Moscatel and Jasmim 
varieties, respectively. For Tommy Atkins, the MIC ranged from 0.62 to 1.25 mg/mL; for 
Rosa, ranged from 0.31 to 1.25 mg/mL; for Jasmim ranged from 0.31 to 0.62 mg/mL; 
while for the Moscatel variety the MIC value was 1.25 mg/mL for all Candida strains. 
Essential oils of four M. indica cultivars were active in vitro against Candida spp., 
demonstrating good antifungal activity and can be a useful source of antifungal 


compounds for veterinary medicine (Fontenelle et al., 2017). 


The essential oil of Coriandrum sativum L. fruits presented Linalool as the main 
constituent (58.22%). The oil was considered bioactive, showing an LCspo value of 23 


ug/mL in the Artemia salina lethality test. The antifungal activity was evaluated against 
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Microsporum canis and Candida spp. by the agar-well diffusion method and the minimum 
inhibitory concentration (MIC) and the minimum fungicidal concentration (MFC) were 
established by the broth microdilution method. The essential oil induced growth 
inhibition zones of 28 + 5.42 and 9.25 + 0.5 for M. canis and Candida spp. respectively. 
The MICs and MFCs for M. canis strains ranged from 78 to 620 and 150 to 1,250 pg/mL, 
and the MICs and MFCs for Candida spp strains ranged from 310 to 620 and 620 to 1,250 
ug/mL, respectively. C. sativum essential oil is active in vitro against M. canis and 


Candida spp. demonstrating good antifungal activity. (Soares et al., 2012). 


1.2 ANTILEISHMANIAL ACTIVITY 


The increased incidence of visceral leishmaniasis (VL) in Brazil is due to a lack of 
effective disease control measures. In addition to that, no effective treatment exists for 
canine VL in response to synthetic drugs. In the search for new antileishmanial agents, 
essential oils (Eos) from four Croton species (C. argyrophylloides, C. jacobinensis, C. 
nepetifolius and C. sincorensis) were evaluated against Leishmania infantum chagasi, L. 
amazonensis and L. braziliensis. Spathulenol, B-caryophyllene, B-caryophyllene oxide, 
1,8-cineole and methyl eugenol were the major constituents. The in silico analysis 
revealed that 1,8-cineole and spathulenol (Figure 5.3) were active against the enzyme 
Leishmania infantum trypanothione reductase (LiTR), which is responsible for the redox 
defense of Leishmania in mammals, making both compounds promising agents for 


leishmaniasis control (Morais et al, 2019). 


Figure 5.3. Active antileishmanial compounds from Croton species essential oil 
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The compounds thymol and eugenol were chosen to be starting compounds to 
synthesize acetyl and benzoyl derivatives and to test their antileishmanial activity in 
vitro and in vivo against Leishmania infantum chagasi. The chemical structures are 
shown in figure 5.4. All compounds demonstrated similar activity against amastigotes, 
and acetyl-thymol was more active than thymol and the positive control drug 
amphotericin B. Immunohistochemistry demonstrated the presence of Leishmania 
amastigote only in the spleen but not the liver of mice treated with acetyl-thymol. Thus, 
these synthesized derivatives demonstrated anti-leishmanial activity both in vitro and in 
vivo. These may constitute useful compounds to generate new agents for treatment of 


leishmaniasis (Morais et al., 2014) 


Figure 5.4. Representation of chemical structures of thymol and eugenol derivatives, 
antileishmanial agents 
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1.3 ANTHELMINTIC ACTIVITY 


Phytotherapy can be an alternative for the control of gastrointestinal parasites of small 
ruminants. The efficacy of Alpinia zerumbet, Coriandrum sativum, Tagetes minuta and 
Lantana camara essential oils was demonstrated by two in vitro assays on Haemonchus 


contortus, an egg hatch test (EHT) and a larval development test (LDT). Chemical 
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analysis identified components with high concentrations in these essential oils that may 
be responsible for their anthelmintic activity. The main component of A. zerumbet was 
1,8-cineol, for L. camara was caryophyllene oxide, for C. sativum was linalool and the 
major constituent of T. minuta was piperitone. Based on the promising results presented 
in thesein vitromodels, it may be possible use these essential oils to control 
gastrointestinal nematodes. However, their anthelmintic activity should be confirmed in 


vivo (Macedo et al., 2013). 


Thymol is a monoterpene and the acetylation form of this compound present lower 
toxicity. Thymol and O-acetyl-thymol (Figure 7) were assayed on egg, larva and 
adult Haemonchus contortus and the cuticular changes, acute toxicity in mice and the 
efficacy on sheep gastrointestinal nematodes. In in vitro tests thymol presented better 
anthelmintic activity than TA. However, TA was less toxic and in in vivo test efficacy was 


similar (André et al., 2017). 


Carvacrol is a compound present in several essential oils and it has been reported to 
possess anthelmintic activity. Acetylation of this monoterpene has been proposed as a 
potential way to reduce the toxicity and enhance the pharmacological effects of 
carvacrol. The effect of O-acetyl-carvacrol (Figure 5.6) was evaluated using in 
vitro and in vivo assays with gastrointestinal nematodes of small ruminants. AC showed 
in vitro and in vivo anthelmintic activity and was less toxic than carvacrol (André et al., 


2016). 


Figure 5.6. Chemical representation of anthelmintic aromatic monoterpenes and acetyl- 


derivatives 
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The anthelmintic activity of Eucalyptus citriodora essential oil and citronellal was 


observed on sheep gastrointestinal nematodes. Essential oil composition was 
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determined by gas chromatography mass spectrometry. The acute toxicity test in mice 
and the fecal egg count reduction test (FECRT) in sheep were performed. Citronellal was 
confirmed as the essential oil major constituent (63.9%). The essential oil and citronellal 
completely inhibited Haemonchus contortus motility at 6 h post exposure. H. contortus 
exposed to essential oil and citronellal exhibited internal ultrastructural modifications 


(Aratijo-Filho et al., 2019). 


On sheep gastrointestinal nematodes essential oils and its main constituents were tested 
obtaining good results as Eucalyptus citriodora essential oil and its major component, 
citronellal (Aratijo-Filho et al., 2019) and Ocimum gratissimim and eugenol (Pessoa et al., 


2002). 


1.4 LARVICIDE AGAINST AEDES AEGYPTI 


The search for new insecticides to control dengue fever, chikungunya, and Zika vectors 
has gained relevance in the past decades. The larvicidal action of essential oils (EOs) 
from Thymus vulgaris, Salvia officinalis, Lippia origanoides, Eucalyptus globulus, 
Cymbopogon nardus, Cymbopogon martinii, Lippia alba, Pelargonium graveolens, Turnera 
diffusa, and Swinglea glutinosa on Aedes (Stegomyia) aegypti were evaluated. The EOs 
were extracted by microwave-assisted hydrodistillation and characterized by gas 
chromatography/mass spectrometry (GC/MS). All EOs achieved larvicidal activity at 
medium lethal concentration LCso values lower than 115 mg/L. The main compounds of 
the EOs with highest larvicidal activity were thymol (42%) and p-cymene (26.4%) (Ridés 
et al, 2017). 


The essential oil from Tagetes erecta was active against 3rd instars of Aedes and the 
main compounds were piperitone (45.72%), D-limonene (9.67%), and piperitenone 
(5.89%). The essential oil of T. erecta present effective action and then constitutes a 
good source of varied compounds showing larvicidal activity against Ae. aegypti 


(Marques et al., 2011). 


The essential oils from Cymbopogon citratus and Lippia sidoides, reported in the 
literature to have larvicidal properties against A. aegypti, were used for activity 
comparison. The results show that Ocimum americanum and Ocimum gratissimum have 


LCso of 67 ppm and 60 ppm respectively, compared to 63 ppm for L. sidoides and 69 ppm 
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for C. citratus. These good results suggest a potential utilization of the essential oil of 


these two Ocimum species for the control of Ae. aegypti (Cavalcanti et al, 2004). 


Insecticidal activity of the essential oils (EOs) isolated from Tagetes lucida, Lippia alba, 
Lippia origanoides, Eucalyptus citriodora, Cymbopogon citratus, Cymbopogon flexuosus, 
Citrus sinensis, Swinglea glutinosa, and Cananga odorata aromatic plants, grown in 
Colombia (Bucaramanga, Santander), and of a mixture of L. alba and L. origanoides EOs 
were evaluated on Aedes (Stegomyia) aegypti Rockefeller larvae. The EOs were extracted 
by microwave-assisted hydrodistillation. All essential oils tested showed insecticidal 
activity. The EO from C. flexuosus, with citral (geranial+neral) as main component, 


showed the highest larvicidal activity (Viera et al., 2014). 


The larvicidal activity of essential oils of four species of Piper from the Amazon Forest 
was tested using third-instar larvae of Aedes aegypti. The main components isolated 
from each Piper species were as follows: viridiflorol (27.50%), aromadendrene 
(15.55%) and #-selinene (10.50%) from Piper gaudichaudianum; B-selinene (15.77%) 
and caryophyllene oxide (16.63%) from Piper humaytanum; dillapiol (54.70%) 
and myristicin (25.61%) from Piper permucronatum; and asaricin (27.37%) and 
myristicin (20.26%) from Piper hostmanianum. Amongst all essential oils tested, the 
most active against larvae of A. aegypti was the oil extracted from P. permucronatum, 
with a LCso=36ug/ml (LCoo=47 ug/ml), followed by the essential oil of P. 
hostmanianum, with a LCso = 54 ug/ml (LCo0 = 72 ug/ml). The oils with higher content of 


arylpropanoids were more active against larvae of A. aegypti (Morais et al., 2007). 


The essential oils from Cymbopogon citratus and Lippia sidoides, reported in the 
literature to have larvicidal properties against A. aegypti,were used for activity 
comparison. The results show that Ocimum americanum and Ocimum gratissimum have 
LCso of 67 ppm and 60 ppm respectively, compared to 63 ppm for L. sidoides and 69 ppm 
forC. citratus. The essential oils of O. americanum(main constituent E-methy]l- 
cinnamate) and O. gratissimum (eugenol and 1,8-cineole) were shown to be as potent as 
L. sidoides and C. citratus in the larvicidal activity against A. aegypti and caused 100% 
mortality at a concentration of 100 ppm. These results suggest a potential utilization of 
the essential oil of these two Ocimum species for the control of A. aegypti (Morais et al, 


2006). 
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1.5 IN AGRICULTURE 


The primary functions of volatiles appear to be to defend the plant against herbivores or 
pathogens or, by attracting pollinators and seed dispersers, to provide some 
reproductive advantage to plants. In the root system, there is also the production of 
volatile compounds that can act as antimicrobials, anti-herbivores or attract natural 
enemies of herbivores that feed on roots such as B-caryophyllene and 1,8-cineole. 
Methylated derivatives of phytohormones, such as methyl salicylate, methyl jasmonate 
and ethylene, for example, are released and negatively affect other plants, protecting the 
plant from competition. This process is known as allelopathy. Against the herbivory, 
volatile alcohols, aldehydes and esters with six carbon atoms as (Z)-3-hexenol, (E)-2- 


hexanal e (Z)-3-acetato de hexenila are produced (Riffel & Costa, 2015). 


1.6 AS ANTIOXIDANT 


General methodologies used in basic research evaluating antioxidant activity of natural 
products are by free radical capture methods DPPH (2,2-diphenyl-1-picrylhidrazil) 
(Rufino et al, 2007) and ABTS (S 2,2 AZINO BIS (3-ethylbenzo thiazoline 6 sulfonic acid, 
diammoninum salt) and by autoxidation of the FRAP and the £-carotene/linoleic acid 


system, comparing trolox and BHA standards as references (Rufino et al., 2006). 


The antioxidant activity of volatile oils has been extensively studied and essential 
oils from Croton genre of Northeastern Brazil are considered potential sources of natural 
antioxidants. Essential oils of C. zenhtneri and C. nepetaefolius were evaluated as 
antioxidant by the modified methodology of thiobarbituric-reactive species and in 
general the oils of C. zenhtneri and C. argyrophylloides showed better action then C. 
nepetaefolius. The essential oils of C. zenhtneri and C. nepetaefolius present in their 
constitution monoterpenoids and sesquiterpenoids, as well as arylpropanoids; C. 
argyrophylloides oil has monoterpenoids and sesquiterpenoids, but does not contain 
arylpropanoids. The constituents E-anethole, anisyl formate, anisaldehyde, methyl- 
eugenol, 1,8-cineole, a-pinene and spathulenol (Figure 5.7) were the main constituents 


of the essential oils studied (Morais et al., 2006). 
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Figure 5.7. Main constituents of antioxidant essential oils from Croton species 
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Some Eugenia essential oils have been reported as antioxidant and cytotoxic. The oil of 
Eugenia caryophyllata (clove) (syn. Syzygium aromaticum (L.) Merril & Perry) is rich in 
eugenol and is a powerful natural antioxidant, with different mechanisms of action, such 
as radical scavenging, metals chelation, and the inhibition of lipid peroxidation. The high 
antioxidant activity observed for the Eugenia egensis oil (TEAC = 216.5 + 11.6 mg TE/mL 
and 177.6 + 9.8 mg BHAE/mL) could be attributed to the oxygenated sesquiterpene 5- 
hydroxy-cis-calamenene. The presence of a phenolic ring in the structure of 5-hydroxy- 
cis-calamenene as in eugenol molecule (Figure 5.8) enhances the antioxidant activity due 
to its ability for scavenging free radicals, the donation of hydrogen atoms or electrons, or 
chelation with metal cations (da Silva et al., 2017). 
Figure 5.8. Structures of antioxidant constituents of Eugenia essential oils 
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Several essential oils obtained by hydrodistillation from Mentha species showed higher @ 
levels of the monoterpenes limonene, isomenthone, menthol, menthofuran, d- 
neoisomenthol, 1,8-cineole (eucalyptol), d-carvone, linalool, linalyl acetate, piperitenone 


oxide and pulegone. The essential oil of Mentha longifolia (Himalayan silver mint) stood 
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out for its antioxidant activity with ICso of 0.86 + 0.01 mg/mL by the DPPH method 
(Barros et al., 2015). 


1.7 AS ANTITUMORAL 


Natural essential oil constituents play an important role in cancer prevention and 
treatment. Various mechanisms such antioxidant, antimutagenic and antiproliferative, 
enhancement of immune function and surveillance, enzyme induction and enhancing 
detoxification, modulation of multidrug resistance and synergistic mechanism of volatile 


constituents are responsible for their chemopreventive properties (Bhalla et al., 2013). 


The antitumor action of terpenoids and phenylpropanoids is linked to the activation of 
the phenomena of cell death (apoptosis) in cancer cells without affecting normal cells. A 
very large number of studies suggest that natural terpenoids such as limonene 
constitutes a new class of anticancer drugs with the potential to cause tumor regressions 
with limited toxicity. Limonene is one of the most widespread monoterpene and is 
present in the majority of the EOs, in amounts up to 90% in lemon and citrus EO. In vitro 
and in vivo results suggest that limonene is effective against neuroblastoma and 
leukemia as well as other cancers from breast, liver, lungs, skin, stomach, and other 
organs. The efficacy of Geraniol, Thymol and Carvacrol, Farnesol, (-)-B-Elemene, (-)-a- 
Bisabolol, Thymoquinone, (-)-$-Caryophyllene, a-Humulene, Nerolidol, Germacrone, 
Eugenol, has been demonstrated by numerous studies in vitro and in vivo on many 


cancers (Lesgards et al., 2014) 


Girola and coworkers (2015) tested the antitumor properties of camphene isolated from 
the EO of Piper cernuum in melanoma cells. The study demonstrated that this compound 
was able to induce apoptosis through the caspase-3 pathway activation, as well as 
activating the endoplasmic reticulum (ER) stress signaling. Another study focused on the 
evaluation of the mechanism of action of carvacrol, a phenolic monoterpenoid abundant 
in the essential oils of oregano and thyme. In the metastatic breast cancer cell line MDA- 
MB-231, carvacrol induced apoptosis via mitochondrial membrane permeabilization, 
resulting in cytochrome C release, induction of caspases indicated through poly ADP 
ribose polymerase (PARP) cleavage, and DNA fragmentation. a-terpineol, a 
monoterpenoid alcohol, was able to downregulate the transcription of NFxB in a range 


of tumor cells, with the strongest inhibitory effect on small cell lung carcinoma cell line 
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NCI-H69. Finally, a-terpineol was further shown to have synergistic properties with 
another monoterpene, linalyl acetate, in colon cancer cells, inhibiting NFxB expression 
and resulting in apoptosis (Blowman et al., 2018). Figure 5.9 show the chemical 


structures of active compounds with antitumoral activity. 


Figure 5.9. Some antitumoral constituents from essential oils 
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